The Mississippi Board of Education, by motion and unanimous decision, have found the
adoption of a temporary rule regarding the Common Core State Standards in Item 9 and
Item 10 necessary, based on a finding of imminent peril to public welfare in the loss of
substantial federal funds, resulting in the Board initiating the APA process on these
items. Therefore, the Mississippi Board of Education finds it practicable to adopt the
attached emergency rule in accordance with Mississippi Code Section 25-43-3.108
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MEMORANDUNM

TO: District Superintendents DRAFT
District Curriculum Coordinators
State Special School Superintendents

MNon-public School Principals
Institutions of Higher Learning

FIROM: Trecina Green, Burean [irector
Office of Curriculum and Instruction

DATE: June 25, 2010

RE: APA Process: Common Core State Standards for Mathematics
Comimon Core State Standards for English/Language Arts

The Council of Chief State School Officers (CCS50) and the National Governors Association (NGA)
Center for best Practices have developed Common Core State Standards for grades
K-12 in the areas of Mathematics and English/Language Arts. These standards represent a set of
expectations for student knowledge and skills that high school graduates need to master in order Lo
succeed in college and careers. CCSS0 and NGA worked with representatives from participating
states, a wide range of educators, content experts, researchers, national organizations, and community
groups to establish to following criteria for developing the standards:

*  Aligned with college and work expectations;

*  Supported by evidence and/or research:

¢  Built upon strengths and lessons of current state standards;

» Based on rigorous content and application of knowledge through high-order skills; and

* Informed by top-performing countries so that all students are prepared to succeed in a global

economy and society.

The State Board of Education has pranted approval to begin the Administrative Procedures Act
process to adopt the Commaon Core State Standards for Mathematics and the Common Core State
Standards for English/Language Arts & Literacy in History/Social Studies, Science, & Technical
Subjects. The Common Core may be viewed or downloaded at http://www. corestandards.org. Please
share this information with educators in your school district, Comments regarding the adoption of the
CCSS may be faxed to our office at (601) 359-2040 no later than July 26, 2010, using the attached
feedback form. It is important to note that the CCSS may not be changed. Contact our office at (601)
359-2586 if there are any questions, We appreciate your cooperation as we strive to improve
education for students in our state,

C: Dr. Lynn House
Dir. Tom Burnham
Attachment

Central High School Building « 359 North West Street » P, 0. Box 771 » Jackson, MS 392050771



Mississippi Department of Education
Office of Curriculum and Instruction
Common Care State Standards Feedback Form

This form may be duplicated.
Mame Title
School/Organization Name Address
Job description: Teacher Administrator __ Other __ (specify)

This feadback is for (Check content area):
Common Core State Standards for Mathematics
Common Core State Standards for English/Language Arts

Make any commaeants in the space provided.

1] What are the strengths of the CC557

2) What are the concerns regarding the CCS57

3) Other comments

Return by July 26, 2010

Office of Curriculum and Instruction
fax: (601) 350-2040
phone: (601) 350-2586
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Introduction

Toward greater focus and coherence

Mathematics exgenences i aarly childhood settings showd concentrade on
71 Aunmbar Qwhich scilaoles whols nurmbern, operations, and redabons) and (23
geomnehn: spatiad redabions, ang measuwrement, with more matiemadics isarnng
e oevoled to number than fo olber foovcs Mathamaliog Drofess $oals
Should Be mbegrarad i hess Sontant areas,

= Mationa Research Councll, 2008

Thie cormposits shandards fof Hong Kong, Korea and Sngapore] have & nwumbér
of feafures thal can smform an mtermadiong! bemchmarking orocass fov the
oEveiarnman t af K-5 matfbernanicd sfandarals o e LS, s, [He compasite
srandardls concamlrale M agnly (aanmng oF mahmanalics an dhe nsmber
rmaasurement, and genmelny sfrands with less amphass on dada analysis and
fitthe ewposwra to algebra. The Fong Kong standards for gradies 1-3 degala
apyorowimabedy bl the fergeded ne o nwnbess &0 aimedt alf the e
FEVRIEVITE G Sermaelry sind measurgment.

— Ginsburg, Lainwand and Deckar, 2005

Becaise tha mathematics concenrs in (LS ] fextbooks are offen waak, the
orasentabon becomes more mechanical than i ioeal e dddkad ar bodh
traditional and nop-fraditiondl fexibooks ased in the UF and found bhis
cancanfus weaawrmass i Holh

= Ganslburg et al, 2005

Thusra g vy Weays Do argai®s curriculs, The challenge o frovely mat i 1o
S Phose that odstont mathemahos amd fuen off sfudents

— Stgen, 2007

For over a decade, research studies of mathematics education in high-performing
couniries have seintad Lo the conclusion that the mathamatics oworiculum in tha
Linited States must becoma substantially mora focused snd coharent in ordar to
improve mathamatics achimsament in this country. To deliver on the promase of
common standards, the standards maust sddreds the probem of a curricularm that
i & mde wide and an inch deep” Thesa Standards are a substaniial answar 1o that
challange.

It is smportant to recognize that “fewer stardards” are no subatute tor Tocused
standerds, Achieveng “Tawer standards” wodld be eagsy 0o do by rasaorting to beoac
general statemants, nstead, thesa Standards aim for clarity and specificity.

Acgansing the coharance of a sat of standards is more difficult than assessing
theeir focus. William Schmidt and Richard Houarg (30027 have =aid that content
wiandards and curricula are cabherent if they are

arkicwared over fime &5 a sequence of fogécs and perfarmances that are
nqueal and reffect whare sporopriele the sedquanfiiy o fusvarcfucal nature

ol the aliseiniinary conieit frawm wiich the sibect malter derives, That is,
what ana how sfudents are faught showld refloct not anly the fopics that fall
Withm & certaw Acadevrus iyl Bl alss the ke deas fhal defarimyme
Feoaw Rioaladiaa (& orgarnned and ganevared iy [hal o¥scitiina, TIE mrsas
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thad fo be cofigrent, & 58l of covfernd sfanoands mush avaive front particiNans
feg., e mpaniig a0 aderalions of whohe awnbars, inciuging simole math
facrs and rolfine campulationa) proceciures assadmhad wath Wwhoks nuntaers
and fractions) [o desper dfruciives mbevanf m the avscisivie Thase deaner
structures they sarve 25 & msans for conneciing the DavTaouwaes (such as an
understanding of fhe ratianal number spiem and 02 propantes) (emphasis
added)

Thesa Standards andeavar 0o Toliow sech a Gasign, not only by stressng concaptual
understandesg of key ideas. but also by continually returming to organizing
prnciplas such as place value or the properties of operaticns to structure thome
i

Iry addition, the "saguanca of topics and parformancas” that 1s outlinad & 3 hody of
rrathematics standards must also raspact what 15 known about how students learn.
&5 Confreny (2007 points out, deweloping “sequenced obstacles and challenges

for stedents...absent the insights about meaning that derive from careful study of
|=grmang, would Ba unfortunate and wwise” a recogniticn of this, the developrent
of Mhesa Standards bagan with research-basad learning progressions detailing
what Is known today about how studants’ mathematical imowledge, skifl, and
undarstarding devalop over time

Understanding mathematics

These Standards defne what students should wrderstand and Be alke 15 do in

theair study of mathamatice. Adking a student o endearstand somethng maans
askng a teachar 10 assass whethar the studant has wnderstond IE Bul what Joes
mathamatica] understanding look like? One hallmark of mathematical understanding
% thiz ability to ustify, in & way sppropriate to the stoedent’s matbermetical manurity
whie & particular mathematical statemsant iz true or whara a mathematical rule
comes from, Thes is 3 warld of differance batween a student who can SUMMON 3
mnsmonic device to expand a product such as (a + blx + ) and & student who
can explain where the mremonic comes froem, The student who cgn eaplasn [he rule
urndersiands the mathamatics, and may hawe a better chance o succesd at a less
familiar task such as expanding {a + b = c10r + 0. Mathamatical vndarstanding and
nrocedural skill are sagually important, ard both are assessable using methamaticad
taaks of sufficient richness

Tha Standards sat grade-spacific standards but do not defing the intervention
mathods o rmaterials necessary to support stedents who are well balow or wall
sbsove grade-lpval sapectations. |1 is also Bagord the seoge of the Standards to
clefina the Tl range o supports aporopriate for English language karnars and

for studants with spacial reads, At the same time, all stedents mustk have tha
opporturaty to learn and maet the same high stendards of they are to access the
knowledae and skills necessary in therr posl-gchadsl lived, The Stapdasds shaiild

b read as allowing for the widest possible range of stuedents to partcipate Fully
friom the oulsel, abong wilh approgeigla accommodations o endure massmum
particisaton of students with spacial sducation neads. For axampha, for students
with disabilitsas reading should allow for use of Braille, screen reader technolagy, or
pther aussalnee devices, while writing should snclude the use of a scribe, cormpuer,
af spaach-to-teat technolaoy In a sirnilan wain, speaking and listening shoulo ba
interpreted broadly to ;mclude sign language. Mo set of grade-specific standards
can fully reflect the graat variety in abdities, ne=ds, kEarning rates, and achievarmant
lewels of studants in amy given clagsroorm, Howeswer, the Standards do provide Claar
signposts along tha way to the goal of collegs and caraar raadiness for all studants.

The Slandards Begm on page & with eight Standards for Mathematical Practics,
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How to read the grade level standards

tasctarcts defime what studants should wnderstand and be able to do.

Clustars ara growos of ralated stamdards. Mote that stardards from differant clusters
may sometimas ba closely related, because mathematics
it & connedted subjact.

Dormains are larger geoups of related standards. Standards from different domains
may sometimas e closaly relatad.

"
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perform multi-digit arithmetlc.

a1 Use place value understanding to round whaole numbers to the nesrest
o 10 ar 10,

standard 2, Fluently add and subtract within 1000 using stratagies and algorthms It
based an place value. properties of operations, and/or the relationship
Eetween addition and subtraction.

3. Multiply one-digit whole nombers by multiples of 10 in the ranse 10-
%0 (0. 9 = BO, 5 = 60} using strategias basad on place valua and
properties of aperations,

Thesa Standards do not dictabe curriculum or teaching mathods, For exampla, (st
because topic & appears before topes 8 i the standards for a given gradae, it does
not nacassariy mean that topic & must be taught befors topic B A teacher might
prafer [0 each 1ooic B balare topic A, o mdght choaoce to highlight connections oy
teaching topec & and bopes B at tha amsa time, O, a teacher might prefer 1o teach a
tapes of his or har own chioosing that loads, as a byproduct, ko students reaching the
standards for topics A and B,

What stiedents can leam ak any particular grade level depends upon what they
have learned before, ldeally then, each standard an this documant might fave bapn
phrased in the farm, “Students who already know L should pexl come Lo learn

Bl at peresent thid Sagranch 9 unrealisis—not Bast Bacause exisbing aducalbgs
rasearch canngt spacify all such learning pathways. OF nacassity therafons,

grade placamaents for spacshc bopics have been made on the basis of state and
international caomperisons and the collactive axparance and collechive professional
judsmeant of @dycatiors, ressarchers and mathematicaans, Ong promess oF commaon
skate standards is that owar tima thay will allow research on lparning orogressions
e infarm and impeove [he design of fandards [0 a much areater axtant than is
possiole today, Learning copartunitkes will continue ta vary across schoals and
school systems, and educators should meke every offort to mest the needs of

mudvidyal studants Baged an their current ynderstanding,

These Stancards are not intended to ba naw names for old ways of doing busiress.
They are & call (o take tha next stap, 1L e tire for stales 1o work together L0 Budd
o lgssons earmad from Dad decades of standands based reforms, I is Timea 1o
recogrize that standards are not just promises to our childran, But promises we
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Mathematics | Standards
for Mathematical Practice

The Standards far Mathematical Practios describe varsatas of aspertise that
mathermatics aducators al all levels shoulkd sesk o develan in Thair stedents

Thase practices rest on important "processes and proficiencies”™ with lbngstanding
mportanca in mathematics education. The first of these are the MCTHM process
standards of problem solving, reasoning and proal cammunicaticn, reprasantaion
and connecticns, The sacond are the dirands of mathermatioasd proficiency specified
in [he Mationad Resagrch Councll's report Aoavng I Lo adapive m‘-'lﬁ'-'ll'lil'lq. F-TT-'I'IEQiE
competanca, conceptua understanding (comprahension of mathematical concepts,
operaticns and relations), procedural fluency (skill in carrying oul procedures
flexibly, accwrately, efficiently snd apprapriately]), and prodective dispositsan
[habitual inchnation to e mathematics as sersible, yEalul, and waorthwhile, couplad
with & baliel in ddigence and one’s own afficacy}

1 Make sense of problems and persevere In solving them.
Mathematically proficient sfudaents s8ark by explaaning Lo hamcalvasg the meaning
al a proiblern amnd leoking foe enlry points to s sodution, They analyze grvens,
constraints, melationshps, and gnals Thiety rmiakes conjectures about tha form and
maaning of tha sodution and plan a solution pathway rather than simoly jumping inta
a solution attempt. They consider analogous problems, and try special casas and
sirmpler forme of the ariginel problam in ardar Lo gain ingight into ks solution, They
rivamitar and avaluate theair progress and change courss if acassary. Dider studants
might, dapanding on the contaxt of the problem, transform algebraic expressons or
change the wiewing wimndow on their graphing calculator to get the information they
need. Mathematically proficient students can eaplgn correspondences batwean
aguations, varbal dedoriptiond, tabdes, and graphs or draw diggrams of smpostant
aturas and ralationshos, graph data, and search for regularity or trends. Younger
Ludents might rely on using concrete objects or pictures to help conceplualize
and solve a problem. Mathematically pealcient studants chack hair answars to
prablems using a diffarent method, and they cantinually ask themsehves, “Does this
miake sense?” Thay can understand the aoprosches of athers o solvng complas
shlems and sentsfy correspondences bebwaean diffesent appepaches,

2 Reason abstractly and quantitatively.

Mathematically proficient studerts make sense of guastities and thes relalonehps
i prablam situations They bring Dero complamentary abilities o Dear on prodems
ivvolving guantitative relationships the agility to deconfexiwalize—to abstract

a given situation ard represent it symbohically and manipulate the represerting
symibols as iF thay hawe a bfe of thes own, withowl necessarily atbenssding io

their referants—and the giility [0 conferfuadiae, 1o pauss as nesdad during the
mianipulaison process in order fo prabe intg the referents for the symbols irmeolwad.
Guantitative repioning enlaild habits of creating a coharent represantation ol

the proklam at hand; considaring the its involvad; attanding to the meaning of
quantities, not just how to compute them; and krowing and Regibly usirdg dilfarend
proparties of Gperationd and obhjecns.

3 Construct viable arguments and critique the reasoning of octhers,
Mathamatically proficient stedents understand and use stalod assumpians,
defmitions, and previnusly established results in constructing argumants. Thay
make conjectures and baild & logical progressson of statements to explore the

truth of thair conjeciuras, They are able (o analyze sileationg By braaking them intd
Capes, and Can racoanize ad use counteraxamphas, They justity their conglusions,
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communicate tham to others, and respond to the argumenis af others, Thiy ragson
il'lljl.ll'.'i'ﬂ'ﬂh" abcat data, making plausibla argumants that take into account the
conbaxt from which the data arose. Mathamatically proficient students ara also able
to compare the effactivenass of two plausibia argumants, dstingussh corract logle or
reasoning from that which is flawed, and=—if thera 5 a flaw in an argument-=exnlzn
what it is. Elementary students can constriect argumants using concrate refarants
such as objects, drawings, diagrams. and actions. Such arguments can make sensa
and be correct, avan thaugh they are nat genaralized or made formal until laker
grades. Later, students learn b determming domains bo which an argument applies,
Students at all grades can listen ar raad the argumants of othars, decide whethar
they make sense, and ask useful guestions o clarify or improws tha argumants.,

4 Model with mathematics.

Mathematically proficient students can apply the mathematios they know o solve
problems arsing in everyday life, society, and the workplaca, In early gradas, this might
be &= simple a5 writing an addition equation to desoribe a situation. In meddle grades,
& student might apply propartional reasanirg to plan a school event or analyze a
problem in the comemunity. By high school, a studant mashi ute gesmelry 1o wolse a
desgn protkam or use a function to describe i ane gquantity of Btanast depends
on another, Mathematically proficient students who can aooby what they know arg
camfartable making assumptions end appraximations to simplify a complicated
sitwation, realizirg [hat thase rray need revision later. Thay are able to identify
important quantitias ina practical situation and map their relaticnshios wsing such
toals as diagrams. two-way tablas, graphs, flowcharts and formulas. They can analyae
those relationshins mathematically to drow conclissions. Thay routingly intenprat thair
rrathersatical retults in the context of the situation and reflect on whether the results
make sense, paEsibly improving the madal if i hat nol sarvad 19 purpods,

5 Use appropriate tools strategically.

MMathamatically proficient students consider the ayslabla tools when soling a
mathematical problem, These taols might include pencil and paper, concrele
maodeds, a ruler, a profractor, a cabculatos, a spreadsheat, a computer algabra system
@ statislical padkege, or dynamic geometry softwere. Proficient students are
sutfciantly Familiae with Tocds appropriate for thair grade or courss to make sound
decisions about whan aach of thase tooks might be helpful, recognizing bBoth the
insight to be gained and their Bmitations. For example, mathematically proficient
high schaal studants analyze graphs of functions and solutions generated wsng &
graphing calgulatos, They detact possibds erges by shrategically uting astimation
and other mathematical knowledge. When making mathematical models, they know
thet technology can enable them to visualize the results of varyirg assumipticns,
explore comaguancas, and cormpare predichons with data. Mathematically
praficient students gt various grada lavals are atade [0 dantily ralevant external
mathematical resourcas, such as digital contant located an a website, and vsa tham
Lo pose or sobve problesmes. Thay are able to use technological tools o explons and
deepen their understanding of concapts.

& Attend to precision.

Mathematically proficient studants try to commanicata pracisely to othears, They
try bo wse clear delinitions in discussion with others and = their osn reasoning.
Thay state the meaung af the gymbols they choose, mcluding usng the equal sian
consistently and aporopriatehs. They are careful alemit specifying units of magiure,
and lakbeling aces to clanfy the correspondence with quantities in a problemn, They
Calculate accuratedy and afficiantly, axpreds numerscal answers with a degree of
precision appronriata for the prokdarm condaxt, In the slameantary graded. students
give carefully formulated explanations to esch othar. By tha tima thay reach high
cchool Thay haes learned 6 egamee clams and make explict use of definitions,
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¥ Look for and make use of structure.

Mathematically probcient students ook closely o discern & patlern or structure,
Young students, Tor axampde, might notice thal three and seven more i1 the same
Fmount at seven and threa rRore, OF hay may sort a callection of shapes sciordng
to how vany sides the shaped have, Later, studanls will see 7 = B squals the

wall rempermbered T = 5+ 7« 3, in pregaration for learming about the distributive
proparty. In the exprassion » + Bx + 14, older students can 2aa tha 14 83 2« 7 and
the 9 as 2 + 7. Thay recognize tha sgnificance of an existing ling in a geomsatric
figure and can use the strateqy of drawing an auxdhary Bne for solving problems,
Ty oo can dep Back Tor an overyviaw Sred shilt perspective. They can see
complicated things. such ag some algabraie exprestiond, ps sngle ohjiscts or as
being comipasad of sewaral obgacts, For example, they an see 5= 3y - ¥ aa 5
minus a posithve numbar timas a square and use that to realize that b5 valiee cannot
be more than 5 for any real membears x© and ¥,

8 Look for and express regularity in repeated reasoning.

Mathematically proficlent students notice if calcudations are rapeatad, and kaok
both for general methods and for shortcuts, Upeer slementary studants might
molice when dividing 25 by 11 that they are repeating the same calculations cver
and over agan, and conclude they have 8 repealting decimal, By paying attenticn
ta tha calcidatsoe af slope as they regeatedly chack whether painks are an e fne
throwgh (1, 23 with slope %, middle school stedents might abstract the aguation

{w - 20{x - 1) = . Moticing the regularity in the way terms cancel when sxnandng
{n = 1Tx v 1) {n - 134 x + 1}, and {x - 1 + 74 x4+ 1) might kead them to the
genaral formala for the sem of 8 geometric deries. A5 thay work to solwe a problem,
mathematcally proficsant stedents maintain oversight af the procass, while
attanding to tha datails. They continually avaluate thae reasonablaness of thei
imtermediste rasults,

Connecting the Standards for Mathematical Practice to the Standards for
Mathematical Content

The Standards for Mathematical Praclios dedoribe ways in which developing student
practitioners of the discling of mathematics increasngly owaht e engage with

the sulject matter as they grow in mathematical maturity and axgertise throughout
the alermantary, middle ard high =chool yvears. Designers of curricula, assessments,
and profassiona developrsent shaaild all attend Do he saed T cannech [he
mathematical practices to mathamatical content In mathamatios iInstruction

The Standards for Mathermatical Content ere a balanced combination of procedure
and undarstanding, Expeciabions that Begin with the ward “wederstand” ace afen
pnpacially good opportunities to cormact the practices bo the content. Students

who lack understarding of a topic may rely on procedures too haavily, Without

a Naxilde basa frarm which o work, thay may be less likely to consider analogous
oroblams, raprasent prolilams coherently, juestify concludions, apply the mathaematics
Lo prachc el situationg, viea technology mindfully bo work with the mathematics,
mplain tha mathamatics accurately to other studants, step Back for an vervidw, o
deviste from a known procedure to find a shortcut, In short, a lack of understanding
affegtivaly pravents a student from engaging in the mathematical practioses.

In this respect, those content standards wheoh sat an expactaton of understanding
are patantial “moints of stersection” between the Standards for Mathamatical
Content and the Stangards for Mathematical Practlice. These points of intersecton
are intended to be weighted toward cantral and generative concepts in the

geiaal mathematics currsculum that most mart the tima, resources, innovat e
anergies, and Tocus neceddary bo qualitatively improse the curriculum, mstrection,
assassmant, protassiongl devedapmant, and student achisvament in mathematics.
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Mathematics | Kindergarten

Im Kindergarten, Imsbrs ctional time should facus on twa critical areas: (13
representing and comparing whale numbers, |r'|-|:'P.|I|5.-' with s&ts of objects:
(20 describing shapes and space. More learning time in Kindergarben
shiould be devoted to number than to ather toplcs.

1) Stedents use ambers, incleding written numsarals, bo rapragent
cueantitas and to solve quantitative problams, such as counting objects in
a sat; counting cut a given number of cbjects; comparing sets or nurmaerals;
and modealing smphe poinang and seperating sibeations with sets of obects,
o eyantually with eguations such s S+ 2= 7 and 7 - 2 = 5, (Kndergartan
shudents shoyld see addition and subfraction eguations, and student
writing of aguations in kindargarten s encouraged, but it 15 not required.)
Students choose, combina, ard apply effective strategies for answering
aueantitative guestions, including guickly recognizing the cardmalities of
srmiall el of sijects, counting and prsducing sald of given $ized caunting
thi mirnber of objects in combined sats, or counting the rpmber &F ahjects
that rermain in @ st after soma are taken Faay,

(27 Stodents describe thar physecal world using gecemetric ideas (g,
chape, orlentation, spatial relatior) and vodabulary. Thay idantilfy, name
and describa Bashc Pwo=dunencsonal shapes, sech as squaras, trignglas,
circles, rectangles, and haxagons, presentad in a wariaty of ways (a.0., with
differant sizes and orientatsons), as well as three-dimensional shapas such
83 cubes, conas, eylindars, and spberas, They use basie shapas and spatial
réasoning 1o model abjects in their anvircament and 1o consirsch mora
comdles shanes
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Grade K Overview

Counting and Cardinality
* Know numbar namas and the count sequance,
+ Count to tell the number of objects,

= Compare numbers.

Operations and Algebraic Thinking

« Understand additlon as putting together and
adding to, and understand subtraction as
taking apart and taking from.

Mumber and Operations in Base Ten

« ‘Work with numbers 11=19 to gain foundations
far place valua.

Measurement and Cata
= Describe and compare maasurable attributes.

+ Classify cbhiects and count the number of
ohjects in categories,

Gaometry
= jdentify and describe shapes.

« Analyze, compare, create, and compose
shapes,

Mathematical Practices

1

HMakea sense of problems and persevers in
sodving them.

Reason abstracty and quantitativehy.

Construct viablg arguments and critigua
tha reasoning of others,

Mode| with mathematics.

Use appropelate tools strateglically.
Attend to precision.

Look for and make use of struchure

Look for and express regularity in repaated
FEASArng.

oL



‘Counting and Cardinality b R < KRG

Know number names and the count sequence.
1. Cownt to W00 by ones and by tens

2, Count forward beginning from a gisan numibser within the known
gaguencse Ginstesd of having to begmn al 1)

3. Write numbers from © to 20, Represent a8 number of cbhjects with a
written numaral 0=20 (with O reprasanting a count of no cbhiects)

Count to tell the number of abjects.

4. Understend the relationship between numbers and guantities; connect
counting o cardimabity

& Whan counting objacts. say the number namas in the standard
arder, pairing each object with one and anly ane pumibear name
and exch number name with ane and only one chject.

b. Understand that the last number name said tells the number of
chacts countad, Tha aumbear of alyects is the same ragardlass of
their arrangement or the order inowhich they weare counted.

. Understand that sach succecsive number narme reless 1o a quantity
that is ana larger.

5. Count to answer "how many?” guestions about as many as 23 things
arrangad in 8 line, 8 rectangular array, o a cirghe, OF 88 Mmany as 10
things in a scattered configuration; given a nurmber from 1-20, cownt
aul that many obgects,

Compare numbers.

& Idantify whether the number of abjects in ona group is graatar than,
less Than, oF agual 1o the numbes of cijects in anothear group, .9, by
wsing matching and counting strategees.

A Compare two rumibers betwesn 1 and 10 prasanted as wntkan
T S
Operaticns and Algebraic Thinking K.OA
Understand addition as putting together and adding to, and undar-
stand subtraction as taking apart and taking from.

. Rapresant sddition and subtraction with abjects. fingers, mental
mages, drawingss, sounds (a.9. claps), acting out situations, warbal
axplanalions, exXprassions, of aguaticns

2. Solve addition and subtrection word problems, and add and subtract
within 10, a.9.. by using ohjacts or drawings to represent the problem

i Decompose numizers lecs fhan of agual 0o 10 nto pairs in mioea
than ane way, ed., By using objects or deawingd, and record each
decompaosition by a drawing or eouation (eg., S=2+ 3 and 5 =4 # 1)

4, Faor any number fram 1 te 9, find the number that makes 10 whan
addad o the given numbar, @.9. By using Shjects or drawings. and
reford the andwear with a drawing o aguslics

5. Fluantly add and subtract withan 5.

Inchucie groups with up to ten obsects.

Drawings naed not show details, bt should show the mathematics in tha problem,

[ Thus apolies wherever drawiige are menlionad in Che Standards)

ORI
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Humber and Operations in Base Ten BT TR HET
Work with numbers 11=19 to gain foundations for place value.

1. Compose and decompose numbears fram: 11 Lo 19 into ten ones and
same further anas, e.g., by using objects or drawings, and record sach
composition or decomposition by a drawing or equation (e.g., 1B =10 +
&), understand that these numbers are composed of ten ones and one,
twao, thrae, four, five, six, seven, sight, or nine ones,

Heaslrament and. bataci /. e O SRR KMD:|
Describe and compare measurable attributas,

1. Describe measurabie attributes of obhjects, such as length or weight.
Describe saveral maasurable attributes of a single ohjact,

2. Directly compare two abjects wath 8 messurable attribute in Common,
to see which object has "mare of*/less of the attribute, and describe
the differance For avarnble, directly comhbare Hhe haighls of fTwo
chldren and dascribe one chid as falersshortern

Classity objects and count the number of objects In each category.
1. Classify objects into given categarias; count the numbers of cbjects in
rach category and sort the categorias by count.?
Identify and describe shapes {squares, circles, triangles, rectangles,
hexagons, cubes, cones, cylinders, and spheres).
L Descrbe objects in the esvwvironment using names of shapeas, and
dascriba the relative positions of these ohjacts using terms such as
shove, balaw, bayige, i Fond of, bahded, and maxt fo,

Carrectly name shapes regardiess of therr arentations or overall size

kg

L Identify shapes as bwo-dimensional (hving in a plane, “flat™) or thres-
dimansianal {"solid”)

Analyze, compare, create, and compose shapes.

4. Analyze and compara two- and three-dimensional shapes, in
diffevent sizas and orentaticns, using informal language to daescribe
their samdarities, differepnced. parts (&g, numbers of gides and
varticescornars”) and other attnbutes (e.q., having sides of agual
length?

Medel shapes in the world By building shapes fraom componanis (.,
sticks and clay ballsy and drawing shapas.

Ln

6, Composa simple shapas te form larges shapes, For examobe, "Can pou
Feadr Efumgas b Pradvesntas watl full sioles foucinng [0 make a reclanglar™

Wirnit category counts te be less than or agual bo 10,




Mathematics | Grade 1

In Grade 1, imstructicnal tirme shauld Tocus on four critical areas; (1)
developing understanding of addition, subtraction, and skrategies for
addition and subtraction within 20; {2) developing enderstanding of whaole
murniber relationships and place walee, including grouping in tens and

aneg; (5] ue-.-'elcur:ulnﬂ understanding of linsar measurement and maasuring
lengths as iberating length units; and (4} reasoning about attributes of, and
compasing and decomposing gesmetric shapes,

(1} Students develop strategies for addng and subtrachng whoda numbears
badad an their prior work with small numbars, They usa a vanety of modals,
including discrate abjects and length-based models (e.q., cubes connected
to FOFm lergths), 1 mddel adid-to, laka-fram, put-together, take-apart, and
compara situations 19 developg meaning o the operations of addition and
subtraction, and to develop strategles to solve asithmetic prokbdams with
these operations. Students undarstand cormaections batwean countng

and addition and subfraction {e.g., adding two is the same as counkbng on
twaad, They use propertieds of additicn to add whale numbers and to create
and usa increasingly sopMmsiatad stratagesas Based on thade progeriies
{mg., “making tans™) to soh additson and subbtraction peablams within

20 By comparirg a variety of solution strategéaes, children build thes
urideritanding of the relatorship betwean addition and subtraction.

{21 Students devedop, discuss, and use efficient, accurale, and ganeralizakble
methods 1o add within 100 and subtract multipdes of 1, Thay compans
whiole numbers (at krast to 100} to develop undarstanding of and solve
prollems ivvolvimsg their relative sizes, They think of whole ruormbers
bgtwean W1 and 100 in torms of téns and ones (espedially recognizing the
mumbers 1 Eo 19 a5 composed of a ten and some ones) Through activitas
that build number sense, thay understand the order of the counting
Mirnbers and [heir relative magniiudes

(3] Students develop an understanding af tha meaning and Drocessas of
smagdurement, incheding underlying concepts such as iterating {the mantal
activity of building up The length of an object with equal-sized units) and
the transitivity principls for indirect meaasurament

{4} Shudents compose and decompose plane or solid gures {e.g. put

tw triangles together [o make a guadrilateral} end build underskanding

of part-whole relationships as well as the properties of tha orginal and
composite shapas. As they combing shapes, they Fcognize them from
diffarant parspactivas and orentations, describe their geometric attributes
and detarming how they are abke and differant, to develop tha Background
o maaturarment and for initial understandings of propertias such as
COngruente ol Syrmimary.

"Students thauld apply the principle of transitvity of maasuramant to make indsact
comperisons, but thay nead ot use this tachnical term

v HO



Grade 1 Overview

Operations and Algebraic Thinking

= Represent and solve problems invelving
addition and subtraction.

« Understand and apply properties of operations
and the relationship between additicn and
subtraction.

« Add and subbract within 20.

« Work with addition and subltraction eguations.

Mumber and Operations in Base Ten
« Extend the I':I'.‘lul‘l‘til‘l{i Seduence.
= Understand place value,

= Use place value understanding and properties
of operations to add and subtract.

Measurement and Data

» Measure lengths indirectly and by iterating
length units.

+ Tell and write tima,

= Repriesent and interprel data.

Geomatry

« Reason with shapes and their attributes.

Mathematical Practices

1.

Make senze of problems and persevers (n
salving them.

Reaton abstrackly and quantibatively

Construct wiable arguments and critigue
the regsoning of others,

Modal with mathematics.

Usg appropriata tools strategically,
Alkend to procisien.

Lack far and mmake use of structure.

Lock for and express regulanty in repeated
reascning.

=T
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Represent and solve problems involving addition and subtraction.

L Use addition and subtraction within 20 to solve word problems involving
situations of addmng to, takmng fraom, putting together, taking apart,
pivd comparing, with enkaowns in all positions, g, by using abpects,
drawings, and aquaticns with a symbol for the unknown numbar to
repratent the peolxam.”

2. Sobve word problems that call Tfar addition of three whole numbers
whose sum is less than or equal to 200 a.g., by using ohiscts, drawings,
g equationg with a symbal for the unknown numbar o reprasant thea
prablem.

Understand and apply properties of operations and the relationship
between addition and subtraction,

1 Apply properties of oparations as strategias to add and subtract? Examodes
iF 8+ 3 =115 ki, (e 3+ 8 2 T8 also Bnown, (Comrmilative propearty of
acdition) Toadd 2 + 6 + 4 the secong o aumbars can be added fo maks
Flem st G+d =+ 0212 (Ass0ciabive ovoperTy of sahdition. )

4, Understand subtraction as an unknown-sddend prablem. For examols,
subiract 1 - 8 by finding the npmber thal makes 10 when sooes fo B

add and subtract within 20.

5. Relate counting to addition and subtraction {e.q., by counting on 2 to
add 23

6. Add and subtrack within 20, demonstrating flusncy for addition and
subtraction within 10, Usa strategias such as counting on; making ban
g B+ =B+2+4 =10+ 4=1d) decomposing a number leading to
atenfeg. 13-4 =13-3-1=10-1= 9% usng the relationship between
addition and subtraction (eg., knowing that & = 4 =12, one knows 12 = 8
= 4% and crasling aguivalent bul sasier or Enown sums {e.g., sdding 6 4
# by creating the known equivalent 6 + 6 +1=12 +1=13),

Work with addition and subtraction equations.

v Wnderstand the meaning &f the equal sign, and determine if eguations
insalving addition and subtraction are true or falsa. For exampds, which
o the falowing Squalions are frod 3 witich are falseP 6 =6 7= 8 = |,
SeaFegefdsleg5+

B. Crstarmine the unknown whaole number inan additon or subtraction
aquation ralating ta thrae whala numbers, For esampds, dedarmimne fhe
UTR SR forntier Bhat makes the eguabon froe i =ach of the eguatons & 4
P=H 5=|:|-.¢.-e':45:|:;

Mumber and Operations in Base Ten 1.MET

Extend the EﬂUIﬂ.H‘lﬂ Sequence.

. Ceouwnt to 1230, starting at any number less than 120, In this range, read
and write numarals and reoresant a numiser of oljacts with a writtan
riamgrad

Understand place value,

2, Understand that the two digrts of a two-digit number represent amosants
of tens and onas. Understand tha following as special cases

3. O can be thought of as 8 bundle of ten ones — called a “ten.”

b, The aumBbers from 11 02 19 are compoased af 8 ten and ane, twa,
thrae, bour, five six, seven, sight, or nine anas.

Ll

The fiwmibers W0, 20, 30, 40, 50, 60, 70, 80, 90 refar bo ane b,
Lhrees, Tour, five six, seven, efght, or mne tens (and O anasy &
e

“Hapd Glodaary, Table 1,
Students need not wsa formal terms for these propertias

| 0%
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I, Compara two two-digit numbars based on maanings of the tens and cnas
dhigits, recording the resulls of comparnsons with the symbalg =, =, and <,

Use place value understanding and properties of operations to add
and subtract.

4, Add wathen 130, indudmg adding a two-digit number and a ane-digit
numbar and adding a twio=digit membeer and & midtole of 10, g concrate
rmodals or drawings and strategies based an place value, properties of
cnerations, andSor tha relationship betwean addition and subtraction
ralabe [he strategy 1o & writhan methad and explaén [he reasoning used,
Understand that in adding two-digit numbers, cne adds tens and tens, ones
and angs; and somehimes LS reesessary D ComipsEs a an,

(o]

Siven a Iwo-digil rumber. rmentally find 10 mare ar 10 legs than the
numBer, without having to count; explain tha reasoning usad,

B Subiract multiplas of ¥ in tha ranga W0=90 from magdtiples of 13 in the
range 10-90 (positive or zero differences), using concrete models or
drawings and strategies hased on place valus, properties of cperations,
and/ar the relationdhep bebweean additicon and substracticon; refate tha
strategy to a writtan method and explain tha reasoning used,

Measurement and Data ; L R G
Measure lengths indirectly and by iterating length units,

1, Order thrae obgects by langth; compare the lengths of bwo objects
ndlirectly By wusing a third abjact,

2. Express the length of an object as a whaole number of length wnits, by
laying multipde copdes of a shartes ahjact (the length umit) end to end;
wividarstarnd that the lermgth messurement of an object s the number
aof sama-siza length units that span it with no gaps or ovarlaps. Liml fo
confexs whare the olyec! baing measuned i spannsd Dy 8 whole aumbar of
lengrbh wadks with no gaps ar overlaps.

Tell and write time.

5. Tell angd werite timea in howrs angd half-hoaers using analog and Gigital
clhocks.

Represant and interpret data.

4, Organize, represent, and intarpret data with up 1o three cateaories; ask
ard andwer questions about the total number of data points, haw many
in aach category, and how many mare or i85S arg in one category than in
Srsather

Geometry 1G

Reason with shapes and their atiributes.

L. Distingussh between defining attributes (e.g. thanglas are closed and
thraa-gidad]) versus nan-defining attributes (8.q., colar, arientation,
overall size) © bald and draw shapes to possess defining attrioutas.

I Compose two-dimensional shapas (rectanglas, sguares. trapeeoids,
tianglas, half-circlas, and guartar-circles) of three-dimensional shapas
[culbad, right rectangular prisrms, right ciroular cones, and nght circular
cylinclers) to create a composite shape, and compose naw shapas from
tha composite shapa.®

3. Parution circles and rectanglas inte Dewo and Mour aguad shares, desariba
the ahared using the words halves, foorfhs, and guarters, and use the
phrases hAalf of, fowrth of, and guarter of. Dascribae the whala as bwo of,
ar tour of tha shares, Undarstand Ffor these examples that decormpoging
ntg more equal shares creates smaller shares,

‘Studants o not naed o learm formal names such as “right ractangular geism,”




Mathematics | Grade 2

In Grade 2 instructicnal time showld foous on four critical areas: (13
extending understanding of base-ten notation: (2} bulding fluency with
addition and subtraction; {3} using standard units of measure; and (4)
describing and analyzing shapes.

{1} Students extend their understanding of the basa-ten systerm. This
includes ideas of countirsg in frves, tens, and multiples of bundreds, tens,
ard orsed, ag well as pembaer refationships nvalving these uanits, ncluding
comparing. Studants undarstarsd reulti=digt numbars (up o 1000) whtten
in base-ten notation, racognizing that the digits in each place reprasent
armounts of thousands, hundreds, tens, or ones (2.9, 853 is & hondreds + 5
Lens ¢ 3 ares),

{21 Students wse their understanding of additoe to davelop Heancy with
addition and subfraction within 100, They salve problems within 1000

by apolying their understanding of madals for addition and subtraction,
arid they develop, discuss, and use efficient, accurate, and genaralizable
mathads 1o compute sums and differences of whole numibers in base-ten
reptatenn, g their undarstanding of place value and the proparisas of
pperations. Thay sefact and accurately apoly mathods that are appropriate
for the context and the numbers irmvolved to mentally calculate sums and
differancas for murmbiees with anly tens or anly hundreds

(3} Stuedents recogniza the need for standard units of measwers (cantimatar
and irch} and they use rulers and other measurement toods with the
wnderstanding that linear messure involves an iteration of units They
regognize that he srmalor [he i, The rmare ileralicns thay nead to Cover o
piwan langth,

[ Studsnls describe and analvee shagpes by sxaminesg their sides and
angkas, Studants mwestbgata, dascribe, and reason about JeCompoEarg
and combining shapes to make other shapes, Through building, drawing,
srid arnalyzing two- and three-demerssonal shapes, students develop a
Faurdation for understandeng area, woheme, congmuance, sirvilarily, and
symimatry in later gradas,

£l




Grade 2 Qverview

Operations and Algebraic Thinking

« Represent and solve problems involving
addition and subtraction.

«  Add and subtract within 20.

*  ‘Work with equal groups of objects to gain
foundations for multiplication.

Mumber and Operations in Base Ten
¢ LUndarstand place value.

*  Use place value understanding and
properties of operations to add and subtract,

Measurement and Data

= Measure and estimate lengths in standard
units.

= Relate addition and subtraction to length.,
»  Wark with time and manay.

Represent and interpret data.

Geometry

Reason with shapes and their attributes.

Mathematical Practices

L

L

HMake sense of problems and persevera in
solving them.

Reason abstractly and guantitatively

Construct viable arguments and crificus
the reasoning of others,

Madel with mathematics.

Uze appropriate tools strategically
Atbend to precizion.

Lock for and make use of structurs,

Look far and express regularity in repeated
reAasoning.



Operations and Algebraic Thinking 204

Represent and solve problems Involving addition and subtraction.

L Use addition and subtracticn within 100 to sobve one- and two-step
word problerms wolving situations of adding 0o, [aking Trom, pulling
togethar, taking apart, and comparing, with unknowns in all positions,
g, by using drawings and equaticans with 8 symbel for the unknown
number to represent the problam.!

Add and subtract within 20.

2. Fluently add and subtresct within 20 using mental strategies.? By end of
Grade 2, know from memaony all sums of bwo one=digit numbars,

Work with egual groups of objects to gain foundations far
multiplication.

1. Detarmine whather 8 group of obdects Jup ba 20 has an odd or even
numbar of membars. a.0., by pairing objects or counting tham by 25;
write an equation Io axprass gn avan number ag a8 sum al Two aguad
sl dends,

4, Llsa addition bo find the total number of objects aranged in
reclangular arrays with up e 5 rows and up to 5 colurmns: write an
pquation to axpress the total as a sum of sgual addands.

Mumber and Operations in Base Ten. 2.NBT

Understand place value,

L. Understand that the three digits of a threg-digit number reprasant
amounts of hundreds, tens, and anes; &9, 706 equals 7 huadradgs, O
tens, and & ones, Understand the followsing as special cases:

a. 100 can be thowght of &g a bundle of t2n tens — called a
“hundrad.”

0. The numbers 1060, 200, 200, 400, 500, 600, 700, 800, 930 refer to
ani, e, theee, four, fiva, slx, saven, aight, or ning kundreds (and O
tanvs and O aneg)

Caunt within W0 skip-count by B, 10s, and HWeds.

Pl

I Read and write nrombers to 1000 using basa-ten numarals, number
names, and expandad form

4, Compars bad three-digit numbers Based on meanings of the hurdreds,
tens, and ones digits, using >, =, and < symbols to record the results of
CoOMmpansnns,

Use place value understanding and properties of operations to add
and subtract.

= Fluantly add and subbrast within 100 using strategies bazed on placa
value, properties of operations, andfor the relaticnship between
additicn and subtraction,

B. add up to Four PaG=digit numbsers wusing strategies hased on place
valug and proparties of aperatiaons,

& Add and sphtradt within 1000, using concrete modeals or drawings
arid] Lirategies based on place value, proparties of oparations, andor
the redationship batwean addition and subtraction; redate the strabagy
ta a wrthan method Usderitand that in adding or subtrecting thres-
digit numbers, one adds or subtracts hendrads and hundracds. tans
and tens, ones and ones and soMatimes iT s nacestgny 1o COMmBase ar
decompose tans of hundrads

8 Mentally add 10 g 100 to a8 given number 100-900, and mentally
suhtract 10 or 100 from a givan numibes 100=300

9, Explain why addition and substraction strat egiag waork, uting place valus
and the propertiad of operations.”®

Saa Glostary, Takde |
“Sea standard 1.08.6 for a list of mantal strategees.
‘Explanations may ba supported by drawings or abjeci.

R -p1s




SRR ST 30
Measure and estimate lengths In standard units.

L  Measure the length of an objact by selecting and using appropriate
tools such as rulerd, yardsticks, meler sticks, and measuring tapes.

2 Measura the length of an ohjact twice, using length wnits of
different lengths fior the Dwo measurements; describe how the two
measuremaents relate to the size of the unit chosan

i Estimate langths using umits of inches, feat, centimetears, and meters,

4, Measure 1o daeterming how rmuch langer one obiect is than another,
expressing the length differance in terms of a standard langth wnit

Relate addition and subtraction to length.

5 Uge addition and subtraction within 100 to solve waord probdems
imeaheing langths that are glven in tha sama units, a0, by using
drawings (such as drawings of rulers) and equations wiath a symbol for
the unknown number to represent the problem

B, REeprasent whole numbers a2 langths fram O on a number line diagram
wilh egqually spaced points corresponding bo the numbers 3, 1, 2, .., and
reprasant whale-number sums and differences within 1330 on & number
line diagrarm.

Wark with time and money.

L Tell aregd writa tirmea from analog asd digital clocks bo the nearest five
minules, wsing a.m. and pom

B Splve word problems inwalving dollar s, quarters, dimeas, nickals, and
oennias, using F and ¢ aymbsals sppropriately. Evample: i pow have 2
dimes amd 3 pennies, fow many cents oo vau have?

Represent and Interpret data.

3. Generale measurermeant data by measuring lengths of several objects
to the nearast whale unit, or by making repeatad measuraments of tha
samea alyect Show The maasuremants by making a line plot, wherse the
harizantal scale i= marked off in whale-nuember wniks

10, Drew & picture graph and a bar graph {with singla-unit scale) to
ramrasant a data st with up to Tour catagores. Salve gsimple put-
togelher, take-apart, and compare problems® using information
presentad in a bar gragh

Geomeatry 26

Reason with shapes and their attributes.

1. Recognize snd draw shapes having spaecified attributes, such as a given
numiser of r'lru_:.|||=i'= or @ given numbser of equal fadas” [denlity LHangles,
guglrilaterals, pentagons, hexagons, and cubes.

2. Partition & rectangle into rows and columns of same-size squares ang
count o find tha tobal numbes of tham

3. Partition corcles and ractangles into bwe, thras, or Four agual shares,
describs tha shares using the words fahves, Burds, hall of, & thrd of,
ald,, and describe the whole as two helves, three thirds, four fourths.
Recognize that egqual shares of identical wholas need not hava tha
same shape
I
1Cpa Glossary, Tabla 1 E‘I
Hizes are compared diractly or wisually, not compared by MmiEaAsLIring =
m
o)



Mathematics | Grade 3

In Grade 3, instructional time should focus on four critical areas: (1)
developing understanding of multiplication and division and strategies
for multiplication and divisicn within 100; (23 developing understanding
of fractions, especially unit fractions (fractions with numerator 13 (3
developing understanding of the structure of rectangular arravs and of
area; and (4] describing and analyzing two-dimansional shapes

1 Students develap an understanding of the meanangs of multiplicatson
and division of whola numbers through activities and problams imealving
efua-5iZed groups, arrays, and area modals; -"l'll.lltlh}-"‘{ﬂtll:ll'l 15 Teiineg

an unknown product, and division is finding an unknown factor o thesa
situations. For equal-sized group situations, division can require finding
the unkrndan numbear of graups or the unknown group size, Students use
propecties of operations to calculate products of whole numbsers, using
lﬂl'-'ﬂ-'lﬁll'lgl:.f sophisticated strategles based on these propermias 1o solve
maltiplication and division problams imolving singba-digit factors, By
eadnparing a veriety of solution strategies, students learn tha ralationship
babwean multiplication and division

(23 Students develop an understanding of fractions, beginning with

unit fractons. Students view fractions n general as being bttt out of
unil fractions, and they use fractions alang with visual fracticn models

by reperasent parts of o whols, Students undarstand thal the waze ol &
fractional part is relative to tha size of the whaole. For example, 152 of the
paint in a small bucket could be less paint than 142 of the paint in & larger
Bucket, But 173 of & ribbon is longer than 1/5 of the same ribbon beczarsa
when tha ribban is divided into 3 edqueal pacs, the partd are [snger than
when the ribbon is divided inte 5 equal pasts. Studants are able to use
frections to represent numbers equal to, less than, and greater than ane.
They scive problema [hat invalee compbreng Mactions by using wisual
fraction modals and strategles hasad on noticing aguad nemeralors ar
denominators.

(33 Students recsonze grea &5 an altribute of two-denerssdanal regicona,
Thiey migasure thie araa of a shape by finding the total number of sarme-
size units of area required to cover the shape without gaps or owarlaps,

& suane with sides of unit k=ngth beng the standard unit for measuring
arga, Students understand thal rectangulés arrays can be decompased inlo
idantical rows oF into sdentical colurmns. By decompncang rectanglas inka
rectangular arrays of squares, stesdents connect area to multiplicaton, and

justily Lsing rulliplicaticn to determmea the ares of a rectangle.

(i) Stwpdents dewcribe, analyze, and compare propartias of teoe-
dimensional shaoes, Thay compara and classily shapes by their sidas and
sngles, and conmact thase with dafinitions of shapes, Studants also ralate
their fraction wark B geometry by expressing tha area of part of a shapa
35 3 unit fraction of the whoka,

Elap Tt
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Grade 3 Overview

Cparations and Algebraic Thinking

* Represant and solve problems involving
multiplication and divisicn.

* Understand properties of multiplication and
the relationship between multiplication and
division,

= Multiply and divide within 100,

» Solve problems involving the four oporations,
and identily and explain patterns in arithmetic.

Number and Operations in Base Ten

= Use place value understanding and properties
of operations to perform multi-digit arthmetic,

Numbar and Operations=Fractions

* Develop understanding of fractions as numbers,

Measurement and Daka

* Solve problems involving measurement and
astimation of intervals of time, liquid volumes,
and masses of ohjacts.

« Represent and interpret daba.

* Geometric measurement: understand concepls
of area and relate area to multiplication and Lo
addition,

= Geamelric measurement; recognize perimatear
as an attribute of plane figures and distinguish
betwean linsar and Bres moasures,

Geometry

= Reaggon with shapes and their attributes.

Mathematical Practices

Make sanse of problems and persevers in
salving them.

Reascn abstractly and quantitatively

Construct viable arguments and critique
the reasoning of others,

Madel with mathematics,

Use appropriate baals strategically,
Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated
reasnning




Operations and Algebraic Thinking ~ 30A
Represent and solve problems involving multiplication and divislon.

L Interpret products of whole numbers, eq., interpret & = 7 as the total
numser of oojachs in 5 groups of 7 objects each, For exampia, oascribe
a candext av which o total number of abjects can be erpressed a5 5« 7

£ Interperet whola=rumber guatients of whale numbers, e.q,, interpral
56 #+ B as the rumber of objects in each share when 56 absects are
partitionad agually into & sharas. or a5 a number of sharas whan
56 aobjects are partiGoned into egual shares of 8 objects sach. For
examoie, odescribe a context in wivch a number of shares oF 2 number of
QOIS Cavt De expracsad 35 55 ¢ &,

A Usa maltiplication and division within o0 to scelve word problems
situations invalving squal growns, arrays. and measurement guantitias,
eq, by using drawnnmgs and equations with 8 symbaol for the vnknown
number o reprasant tha problem.!

4, Daterrming the unknosen whale numiber im a mdbtiplication of divigian
eguation relating three whole nuembers. For eramole, dederming tha
wrkmown nurmber Fhal makes the aquation true in eack of #he aguations &
* P4 52|+ GkEa?

Understand properties of multiplication and the relationship
betwesn multiplication and division.

5 Apply properties of operations as strategias to multiply and
divide® Exampies F 6 & 4 = 24 /s piown, Than o x § = 24 05 alss Bnown,
(Cammuladive progerty of muitodcaton.) 3+ 5 x 2 can be found by 3
* 5 =05 than 15« 2= 23 gr by 5« 2 = 13 than 3 « 10 = 30 {Asseciznive
nrapanty of muitioWealion. ) Koowing hat 2 2 5= 0 and 8 x 2 = I one
can find &« Fag 8 = {5+ 2= (8 = 5} + (B> & =40 + 1§ = 56 (Distnbuiive
praparty, )

B, Understand division as an unknown-factior probleam. For ecampda fng'
32 + 8 by Fnding the number thar makas 12 wien multioded by 8

Multiply and divide within 100.

7. Flusatly mullipdy and divide withen 100, using strategies such as the
relationship between multipfication and division (a9, knowing that 3 =
5= a4, ona knows 40 4 5 = 8) ar proparties of aparationg. By the end
al Grade 3, know from memory all preducts of two one-digit numbaers

Solve problems involving the four operations, and (dentify and
explain patterns in arithmetic.

B Solve two-step word problems using the four operations, Rapresent
thasa problems using aguations with a letter standing for the
unkmawn quantily. Azsesy the repsonabdeness of answers using mantal
comaukation and estimation strategies including roending,?

9. Identity arithmatic patterns (incleding pattems in the addition tabla or
multiplication table), and explain them using properties of oparations.
For meamphe, airserdag that 4 fmes a nunmber is alWas aver, and e
why & Bmes & number can e decompasad o P aguad aockenos

'Sea Glossary, Takda 2.

“Students nead not ude forrmal terms for these propertics.

'This stamderd is imited to problems posed with whole numGers and having whioles
numbar answars; students ehauld kndw how 1o perfarm operatiocns in the coneen-
tignal order whan there sre no parentheses to spacify a particular orgar (Order of
Oiperationsh

J e
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Use place value understanding and properties of operations to
perform multi-digit arithmetic.?

. Use place value understanding to round whole numbers to the nearast
1 e 100,

4. Fluently add and subtract within 13040 using strategias and algorithms
pased on place value, proepertes of coerations, andsor the relationship
betwean addilion and subtraction.

o]

Multiply one-digit whole numbaers by multinlas of 10 in tha ranga
10=30 (249, 3= 3} 5% 60 using strategies based on place value and
coerties of operations.

l. Understand a fraction 158 as the guantity formed by 1 part when a
whaolg is partitioned inte & equal parts; wnderstand a fraction a/b ag
the gquantity formed by a parts of size 175,

2. Understand a fraction as a number on the number line; renrasant
frachions on a numbsers ine disgrarm.

4, Rapresent a fraction 178 on a nember line diagram by delining the
interyal freem O to 1 as the whole and partitioning it inte & sgual
parts. Recognize that each part has siza 170 and that the eandpoint
af the part based ot O locates the number 1/B on the nomber line.

B, Represent a fraction &b on a number line diagrarm by rmarking off
a lengths /6 from Q. Recognize that the resulting intarval has size
a/th and that its endpodnt locates the numizer a0 an the numkser
T

i Explorn eguivalence of fracthons in speckal cases, and compares
fractions by reasoning aloul thair size

Understand two fractions as aguivadent {equal) if they are the
same saza, oF [he famea poant on a number line,

bB. Racognize and genarate simola equivalant fractions, a.g., Y2 =
244, 46 = 2/3), Explain why tha Tractiond are aguivalent, ag. by
usirgg a visual fraction moded
Exprass whole numbers as fractions. and recognaze fractions that
arg gquivadent to owhole numbsrs, Examodes; Express 3 i the farm
I = 34 recognize that 677 = B locale 4540 and 1 a0 tha same saimd
ol & mvmber fine diggram.

d. Compare bwo fractions with the same numerator or the same
denominatar by raasoning about their size. Recognize that
compansons are valld cnly when the Uwe fractions refar (o The
garne whole, Record the resuits of comparisons wath the symbols
=, =, 4r<, and justity tha conclesions, eg, by using 3 wisual
fractian modal,

Measurement and Data 3MD
Solve problems involving measurement and estimation of intervals
af time, liquid volumes, and masses of cbhjects.

. Tedl and writa tirma to the nearast minute amnd meeasoers Dme intesvals
im minutet. Salve woard preblems invalyving addition and subtraction
of time intervals in minutas, eg., by raprasanting the oroblam an a
numbar ling diagram,

‘A range of algorithms may e usad,
‘Gracte § expectations in this dorrain are limiled to fractions with denominatars 2, 3

4, 6 pnd B
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2. Measure and estimate ligud volumes and masses of objects using
standard units of grams g), Kilograms (ka), and liters (15" Add,
subtrack, rmalk I'.ll':.'. or divide to solve one-sten word D'F':lb'l'E‘m‘E- Involving
massas or valumes that are given in the same wnits, e.g., by using
drawings (such ag a beakas with a measwement scala) o reprasant
the problem’

Represent and interprat data.

3. DCraw a scaled picture graph and a scaled bar greaph to represent a
data sat with saveral categorias. Solva ane- and two=stap Thow many
rofe” and “how many ledd” prablems using information presented in
scaled bar graphs. For ecampde. draw & Dar graph A whick sach square in
e har guaoh nviah represant 5 pels,

4. Genersle messurement data by measuring lengths esing rulers marked
with halvas and fourths of an inch, Show the data by making a lina
ol where the horizantal 2cale is marked off in appropriste units—
whaole numbers, halves, or quartars

Geometrlc measurement: understand concepts of area and relate
arga to multiplication and to addition.

5. Racogmnize ared as an attrebute of plane fligures and understand
concepts of ares measuremant.

3. A sguare with side length 1 writ, called “a vt square,” is said ko
hava “one sguare unit” of area, and can be usad B MaasURS area.

b. & plane figure which can be covered without gaps or overlaps by
A umik sguares 15 said te hava an area of N sguan units

5. Maasure areas by Counting unil souaret (Sguare ¢, SOuare m, soquare
in, souare it and improvised units).

7 Ralate area to tha cperations of multiolication and additian,

8. Find the area of a rectangle with whaole-number side lengths by
biling 15, and show that the area is the samea as would e Tound by
muliEplying the dda lengtis,

b. Hultiply side lengths (o find areas of rectanalaes with whode-
number side lengths in the context of solving real world and
mathematical problams, and regpresent whoke-number products as
rectangular areas in mathemarcal regsoning,

L. Usa tiling to show in a concrete case that the area of a rectangle
with whaole-ppmber side lengths & aad B v ¢ i the surm af
2% b and & = c. Use area models to represent tha distributive
prapacty i mathamatical reasoning,

d. Recognize araa as additive, Find areas of rectilinear figures by
dacomposing tham into non-ovarfapping rectangles and adding
the areas of the non-overlapping parts, applvirg this technicue to
soiva ragl world problems

Geomelric measurement: recognize perimeter as an attribute of
plane figures and distinguish between linear and area measures.,

2. Zolve real world and mathematical problams invalving perimetars
of polvgons, including finding the perimater givan the side langths,
finding an unknown side length, and axhibiting rectangles with the
sarme perimater and different arsas or with thae same araa and different
pErimatars

Exclhsdes compouncd units siech as cm’ and finding the gecmeatric Yolume of a
Cenlairer,

‘Exchudes multiphcative companson problems {probéams imlving notions of
"hmes gt much”; sae Glossary, Table 21

AdwHS
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Geomptry 30

Reazon with shapes and their attributes,

1. Undarstand that shapes in different categories (a.g. rhombuses,
resctangles, and others) may share attributes {e.g.. having four sides),
and that the shared attrilyulas can define a largér category (e.g.,
quadrilaterals). Recogmize rhombuses, rectanglas. and squares as
axamplas af guadrilaterals, and drew examplas of guadrilataerals that
do not balong te any of these subcategories.

2. Partition shapes inko parts with aoual araas, Express the area of aach
part a5 a unat fraction of the whale, For aample, sartition a shape into 4
Garts with agual area, and descnbe the area of sach part as 054 af Hhe area
o tha shape.




Mathematics | Grade 4

in Grade 4, instructional tirme should facus an three critical areas: (1
developing understanding and fluency with multi-digit multiplicatian,
arid developing understanding of dividing to find guatients invelving
multi=digit dividends; (2) developing an understanding of fraction
aequivalgnce, addition and subtraction of fractions with ke denominators,
arsd rmultiplicaticn of fractiong by whole numbers: {3) understanding

that geometric figuras can be analyzed and classified based an their
properties. such as having parallel sides, perpendicular sides, particular
argle measuras. and symmatry,

{1} Students generalize their understanding of place vales to 1,000,000,
understardirg the ralative sizes of numbers in each place. They apoly ther
understanding of madeals for multslication fequal-sized groups, arrays,
area modals), place value, and orapertias of operalions, in partsculas the
distributive proparty, a5 thay develop, discuss, and usa afficsant, accurate,
and generalizable methods to compute products of multi-digit whole
mumbers, Dependirg on the nurmbers and the contaxt, they select and
accurataly apply appropriata methosds [0 astirmate or mantally calculate
products. Thay develop fiuancy with afficsant procedures for midtiplying
whale numbers; enderstand and explain why the procedures work basad on
place value and properties of operations; and use them to salve croblems.
Stedents apoly thes undersianding of rmodels for divizion, plece vales,
propertias of coerations, and the ralationehio of division to maltiplication
a5 thay develop, discuss. and usa affickant, accurate, and ganeralizabla
procedures to find quotients involving multi-digit dvicends, Thay selact
and acturately apply appropeisle methods to estimeate ard mentally
calculata guatients, and Interpret remainders Based upon [ha aontest.

12 Students devedop understanding of fraction equivalence and
aperations with fractions, They recognize thal two dilferent fractions can
b egual fe.g., T = 5750, and they dewalop mathods for generating and
recognizing egunvalent fractions. Studants axtend previous understandings
abaul Fow fractions are built freem unit fractions, compasing fractions
fegam Wik fractions, decosmpasing fractions inka unil fraclions, and using
trer mizaning of fractions and tha meaning of multiplication 1o multiply a
fraction by & whole rmembar.

{3} Stisglenis describe, analyda, compare, and classily Dao-dirmensianal
snapes, Through bakding, drawing, and analyzing two-dimansionad shapeas,
students deepen thair tnderstanding of proparties of bao:dirmensional
abjects and the = ol then 16 salve prablems svwohong syrmmetry




Grade 4 Overview

Operations and Algebraic Thinking

* Use the four cperations with whole numbers to
salve problems.

= Gain familiarity with facters and multiples.

= Generate and analyze patterns,

Mumber and Cperations in Base Ten

=« Generalize place value understanding for multi-
digit whole numbers.

+ Usa place value understanding and propearties of
operations to perform multi-digit arithmetic,

Mumber and Operations—Fractions

= Extend understanding of fraction equivalence
and ordering.

= Bulld fractions from unit fractions by applying
and extending previous understandings of
operations on whale numbers.

+ Undarstand dacimal notation for fractions, and
compare decimal fractions.

Meazurement and Data

» Solve problems involving measurement and

conversion of measurements from a larger unit to

a smaller unit,

« Represent and interpret data.

* Geamelric measurement! understand conoepts of

amngle and measure angles,

Gaametry

« Draw and identify lines and angles, and classily
shapes by properties of thelr lines and angles.

Mathematical Practices

2,

£ n

RN

Make sense of problams and persevera in
=olving them.

Reason abstractly and gquantitabively,

Construct viable arguments and critigque
the reasoning of others.

Model with mathematics,

Usze appropriate tools strategicalby
Attend to precision,

Laak for and make use of strusture.

Look for and esxpress regularity in repeated
reasoning,



Operations and Algebrale Thinking

Use the four operations with whole numbers to solve problems,

L Interpret a rmultiplication equation as a comparison, 8.0, inkarprak 35
=% = Fasastatement that 35 2 5 times a2 mamy as 7 and 7 times as
many as 5. Reorasent werbal stataments of multiplicative compariscns

as multipkcation equations.

2. Multiply or divide to solve word problems involving multiplicative
Ccompanson, a.9. by using drawings and egqieationd with a dyrmbal
tar the unknown nember Lo represent the problem, distinguishing
multiplicative campariscn from additive cormparison

I Spnlve multistep word prablems poded with whole numbsers and having
whole-number answers using the four cparations, inclsding problems
nowinech mmalindeds must be interpreted. Represant thase problems
wsing egquations with a letter standing for tha unknown quantity,
Assass tha regsonablaness of answers wiing mental computation and
astimation strategies includmg rounding.

Gain familiarity with factors and multiples.

4. Find all factor pairs for a whole sumbear in the range 1-100. Recognize
that a whole number is a multiple of sach of its factors, Datarmine
wrethar a govan whola numbear in the range =100 i3 & multiple of a
given Gne-digit aumber. Determine whether a given whole nesmber in
the range 1-100 s prima ar comaosite

Generate and analyze patterns,

5. Generate a number or shape pattern that follows & givan rule, [dentify
apnarent featuras of the pattarn that ware nal exphicil in the rube ielf
For exarpple, given fhe rofe 4o 3% and the starting nurmber 1, genarale
tarms in the MRSIING SQUencd ang ahearve Hal he [ayme aopear [o
aifernate bafwean ooy and aven numbers. Explain informally wis the
numisers wil continue fo alternata in By way

Humber and Operations in Base Ten? 4, NBT

Generalize place value understanding for multi-digit whale numbers,

1. Recagnize that in a multi-digit whole number, a digit in ona glace
represents ten times what it raprasents in the place S It eght For
RSN, recOgae fhal FOd £ 70 = 10 by apnilving conceods of place value
il aiveisian,

2. Resd and write multi-digit whole numbers using base=ten nuemarals
number namas, and expanded form, Compare Lwe multi-digit numbers
Pasad an meaanings of the digits in each place, wsing >, =, and £
symibols to record tha results of compansans,

I Usa place valua u nglerstanding o round multi-digit whaole nombers to
Ay placa,

Use place value understanding and properties of operations to
perform multi-digit arithmetic.

4, Fluently add and subtract multi-digit whole numbers using the
standard algarithm.

5. HMultiply & whole number of up to four digits by @ cna=digit whole
numbear, and multipdy Bweo Dweo-dioit numberd, using strategias baged
on place value and the properties of operations. [Bustrate and axplain
the calculation by using equations, rectangular arrays, and/or area
mcals,

'Ser Glossary, Taole 2
Grade 4 expectations in thes domain are limited o whale ngmisers less than or
aoual o 1,000,000

L
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B, Fing wihole-number quotients and remainders with up te four-diget
dividends and cne=digit dossors, using strategies based an place
value, the properties of oparations, and/or the relaticnship between
misltiplication and division. Mustrate and explain the calculation by
using aguations, rectangular arrays, and/or area models,

il w L P

Extend understanding of fraction equivalence and ardering.

1. Explain why a fraction /8 is equivalant o & fraction {n = ay'in = &3
oy uging visual fraction models, with attention to how the nurmbss and
siza of the parts differ even though the twe fractions themselves are
thi same Lize, Use this principle to recogniza and generate aguivalent
fractions.

2. Compara two fractions with different numerators and different
denaminataors, eg., by craating common denominators oF fumerstors.
ar oy comparing b2 a Benchmark fracticn such as /2. Recognize that
COMmpariscnt are valid only when the bwo fractions refar to the same
whole. Record the rasults of COMPparnisons Wwith symisald > & ér < and
[estity the conclusions, eq., by using a visual fraction moded

Build fractions from unit fractions by applylng and extending
previous understandings of operations on whole numbers.

5. Understand a fraction a/b with a > 1.as5 a sum af ractions /s

2. Understand addition and subtraction of fractions as [aining and
separating parts rafarming bo the same whals

b. Decompose a fraction inbe a sum of frections with the
sama denamanalor in more than ane way, recosding aach
decomposition by an equation, Justify dacompositions, e.g., by
using a visyal fraction meodel, Exsmoles 308 = 8 + 18+ L8,
IR l@s Z/R 20 =1+1+ 10 =-8/8+ 88174

., Add and subtract mixed numbers with like denominators, &.9., by
replacing each mixed numbar with an agulvalent fraction, sndor
oy using proparties of operatiaong and the relationship betwean
addition and subtraction.

d, Solve word prablams invalving addition and subtraction
afl fractions referring to the sama whola and having like
denominators, 8.9, by using visual fraction madels snd equatrons
to repraegant the problem.

4, Apply and extend previous understandmgs of maaltiplication ta
multiply a fraction by a whole numbsers,

3. Understand a fraction a/b as a maltiple of 170, Fav exarmple, pee
a Al frachan modal fo reprasant 544 ax the proguct 5 = (LA
racavdling the conclusion by the equalbion 54 = & & (140

b Understand a multiple of a6 a5 a multiple of 148, and use this
understanding to multipty a fraction by a whole number. For
SENTINNG, WS & WEug! Tadlion model fo axgress 3 x (275) as & & (1/5]
FACTHIVIWE S ThiE product as &5, {in generall 0 = fasb) = fn > &)

L. Solve word problams mwohveng maltiplication of a fractkon by a
whode number, a9, by uding visual fracbhon models and equatians
I represent the problemn. Sor exampie, iF aach person af & oary wil
rat 378 of & pound of roast beal and theva will be 5 pepple af the
BT how Moy ound's of roast besf will be needec’™ Setwsen Wi
fwe whole nurnbers does pour answer ie?

q 4 expectations m this doman are Bnited to fractions with denoinalors 2.
34,5 6 B 10,12, and 100,




Understand decimal notatlon for fractions, and compare decimal
fractions.

5. ExpreEss & fraction with desominator 10 as an equivalent fraction with
danominator 100, and use this technigue 1o add two fractions with
respective denominators 10 and 1009 For exampie, srorass 270 a5
IQTa0, and acd 370 ¢ 4700 = 4900

6. Uie dacimal notation for fractions with denominators 10 or 1000 Far
rrample, rewrite (BT as B8 T00 describe a length as Q82 melers; locale
QG2 an & Aok lne digagrarn,

1. Compére bwo decimals to hundredths by reasoning about thedr 578,
Recognizae that comparniscns are valid only when the bwe decimals
rafer [a the famae whole, Record the results of compansans with tha
symbols >, =, or <, and justify the conclusions, e.0., by wsing a visiual

rriocied,

E'ﬂi / 8 Rt el T = iﬁﬁﬂ
Solve problems invelving measurement and conversion of
measurements from a larger unit to a smaller unit.

L Know relative sizes of measurament units within one system of units
Including kem, my, i kg, g 1k, oz L ml b, man, sec. Within a single
system of measwremant, axprass measuremants inoa larger unit in
tarms of 3 srgller unit, Recged magsuramant equivalants in & bwo-
calumn table. For exarnple, know that | 7 i 12 Bmes o5 fong as Tt
Express B fangth of a 4 f snade a3 48 in. Ganevale & conversion falle for
fzat and nclas Viting the savnber paers (7, 120, (2 240, (3, 36), —

Z  Use the four operations to solve word problems invalving distances,
intarvals of time, houid volemes, masses of ohjacts, snd money,
including problems involving simple fractons or dacimals, and
problams that require exprassing measuremants given in & larger unit
in terms al a emaller unit. Represent messurement quantrties using
diagrams such as number Ene diagrams that feature a maasurarmant
sCale

[

Aanply the ares and parimater formulas for rectanpgles in real world and
mathematical problems. Far examyles, find the width of a raclanguies
ANy @ivan fhe area oF I Aooring arnd the fBrsgih, by viewisg the anea
farmiuna a5 & mutiohcalon equation with an unénown faciorn

Represant and interpret data.

4. Maka a ing plot to display a data 58t of Mmeaturaments in lractions of
a unit {2, 154, VB Solve problems involwing additson and subtraction
of fractions by wsing information peesentad in line plots, For examoie,
front a e il fino' and' Aransved [he diffevance & Bngth belwesn the
iongest and shorfest specimens in an nseck coligiian

Geometric measurement: understand concepts of angle and measure
anggles.

5 Recognize angles as geometric shapes that ara formed wharewer Twa
rays share a comman andpoinl, and endersland concepts of angle
Mga 5L FEMEnT

4. Anangle is measurad with raferance 1@ a circle with its centar at
the coammon endpaint of the rayd, by considering the fraction of
the circular arc batween the points whera the Swo rays intarsasst
the circle. An angle that turns through 1/360 of a circle & called a
"one=dagres angle.” and can b used Lo messure angles,

B Anangle that terns throagh n onesdegraa angles is said to have
an angle maasura of n degraeg,

*atudents who cen generate agquivalant fractons can develop strateqies for addemg
fractions with unlike dencrminators in ganeral, But addition and subtraction with un-
like denominalors in general is not a requirement at this gradsa, F
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Geometry AR 4G

Draw and identify lines and angles, and classify shapes by properties

Measure angles in whole-pumbsr degraas using a protractor. Skatch
angles of specified measure

Racognize angle meadure a5 additive. When an angle is decomposad
into nan-gvarlappeng parts, the angle measure of the whole is the sum
af the angle measures of the parts. Schve addition and subtraction
problams 1o hind unknown angles on a2 disgram in real workd and
mathematical problems, 9., by using an eguation with a symbal For
thie unknown anghe maasun:s

of thelr lines and angles.

L

[~}

Crraver points, lines, line segments, rays, anglas {nght. acute, obluse),
and perpendicular and parallel lines, Identify these in two-dimensional
figguras,

Classify bwo-dimansianal f gures based on the presance or abdencea of
paralied or perpendicular lines, or the presence or absence of angles of
a specified size. Recagnize Fight triangles as a category, and santily
right triangles

Regognize 4 line of symmetry for & two-dimensiconal figure as & ine
across tha higura such That the figure can be folded alang the lins
inta matching parks. ldentify line-syrmmetric figures and draw linegs of
Sy rmamhELry.




Mathematics | Grade 5

in Grade 5, instructional time should focus on three critical areas: (1)
developing fluency with addition and subtraction of fractions, and
developing understanding of the multiplicaticn of fractions and of divisian
of fracticns in limited cases {unit fractions divided by whole nembers and
whiole numbers divided by unit fractions); {2} extending division to 2-digit
divigors, integrating decimal fractions inta the place value system and
developing understanding of operations with decimals to hundredths, and
developing fluency with whole number and decimal operations; and (3]
developing understanding of volume,

(13 Students apply their understanding of fractions and fraction models to
regpregant the addition and sulbtraction of fractions with unse denominators
&5 aquivalent caloulations with like denominstors. They develop fuency

in ralrularing sums and dfarences of fractions, and make reasonakba
estimatas of them. Studants also use the meaning of fractions, of

multiphc ation and dvision, ard the relationshn betwsen multiphcation and
division [0 understand and axplain why the procedures for multipiving and
dividing fractions make senda, (Mote: thet i limitad o the cate of dividing
urit fractions by whele numbsers and whale rarmbers by unit fractions.)

{23 Students develop understanding of why divisson procaduras work
bazed an the meaning of bese-ten numerals and properties of operations
They tinalize fluency with rodti-digit addition. sulstraction, multiplication.
and division, Thay spoly thelr undaerstandings of modals for decimals,
decirmal notation, and properties of oparations to add and subtract
decirmals to hundredths. They develop fluency in these computations, and
maka reatonable estinabes of thair redulls. Students use the relationship
batwaan dacemals and fractions, as well as the relaticnship betwaan

firiite decirnals and whole rambers (e, a finite dacemal maltiolied by an
aopropriate powes of 10 i3 8 whale nurmiber), 1o onderstand and explain
whiy tha procadures for multiplying and dividing finite dacimals makea
serse, They compute products and quaotsents of decimals to hundredths
efheisntly and Beciuirataly

(A3 Students recogrize volime a8 an attribyte of thraa-dimansional

space. They understand that «oleme can ba measwrad by fnging the total
feTiber Sf Lama-sida units of valume reguired bo (il the space without

gaps or overlaps, They undarstand that a -uml by Furt by 1-umil culbe

is tha standard wt for measuring wiume, Thay select aporoorate units
strategies, and tools for solving problems that invodve estimabng and
m@giuring vidurms, They decoampoes three—dimensional shapes and Fend
wolurmaes of right ractangular prsmis by wiswing tham as dacompasad into
layers of greays of cubes, They measore necessary attributes of shapes in
order bo detarming volumas 0o totve real world and rmathamatical problema,

F- L
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Grade 5 Overview

Operations and Algebraic Thinking
= Write and interpret numerical expressions.

+ Analyze patterns and relationships,

Number and Operations in Base Ten
Understand the place value systam.

* Parform ocperaticns with multi-digit whole
numbers and with decimals to hundredths.

Mumber and Operations=Fractions

* Usg equivalent fractions as a strategy to add
and subtract fractions.

= Apply and extend previous understandings

of multiplication and division to multiply and
divide fractions,

Measurement and Data

« Convert like measurement wnits within a given
measuremeant syshem.

* Reprasent and interprat data.

* Geometric measuremant: understand concepts
of volume and relate valume to multiplication
and to addition.

Gaomelry

+ Graph points on the coordinate plane to salve
raal-world and mathematical problems.

+ Classify two-dimensional figures inte categories

basad on their properties.

Mathematical Practices

]

@ oNop o oe

Make sense of problems and persevers in
salving them.

Reascon abstractly and quantitatively

Caonstruct viablé argurments and critique
the reascning of others,

Madel with mathematics

Use appropriate tools strategically.
Attend to precision,

Lock tor and raake use of struchure

Lok for and express regulanty in repeated
rEasoning.

PE



 and Algebrale Thinking 50

Write and interpret numerical expressions.

Usa parentfeteds, brackets, or Bracas in numarical expressions, and
evaluate expressions with these symibxols,

Wrile sirnple axpressions that record calculations with numbers, and
intarprat numarcal expressions without evaluating tham, Far axampie,
giarasy (he calruialionn “aod & and 7 then muibioly by 2% as 2 = 78 4 7h
Recogreze that I = (2032 + 9271} 5 thres (Himas a5 lwrge &5 IERT2 + B2
WIERGLE having fo calouiada tha aieatad S0 or produck,

Analyze patterns and relationships.

I

Generate two numerical pattarns using two given rules, ldentify
apparent relationsfips batwesn corredponding terms. Form ardered
pairs consisting of corresponding terms from the bwie patterns, and
graph the crdered pairs On a coordinale plane. For exanple givan the
rufe “ddd 3% and the sfarfing number O and given the nale “Add &% and the
sfarfing nuntdar . ganerale karmmg in the resfing sequences and obdanss
[ (e [EnmE i ovie feguence Sre hwice Fhe comesponding formms in the
other sequence. Expiawn mformally iwhie TS & 5o,

Numberand Operations inBaseTen  SNBT

Understand the place value system.

d,

Recognize that in a multi-digit number, a diget in one place reorasants
0 bvmes @8 much a5 i1 represents in the place b its right and 10 of
what it represents in the place o its Ieft,

Expldadn pattams in tha numbar of 2eras of the product whan
maltiplying a rumber by powers of 10, and explain patterns in the
placement of the decimal point when a dacirmal is mulbiplisd or
divided by a power of 10, Use whele-number exponents to denote
poswnars af 100

Read, writa, and compare decimals to thousandihs

a. Read and write decimals to thousandths using base-ten numerals,
numbar namas, and expandad form, 8.9, J47IS2 = I = DD + 4 =
1+ F a1+ 3w (1R G (1000 -+ 2w (A000).

B, Compara two dacimals to thousandths based on meanings of the
digitg in sach place, using =, = and < symbals to record the results
of comparisans

Use place value understanding to round decimals 1o any place

Perform operations with multi-digit whele numbers and with
decimals to hundredths.

-

|'|II-|'-||1I|:,|' multiply mulG-degit whale numbers using The standard
abgerither.

Find whaole-nuember quotiants of whole numbers with up to four-digit
dividends and two-digil divisors, using stralegies based on place
valug, tha properties of cparations, andsor the refationship batveaan
muglliplicaticn and dmvision. [Bustrate and explasn the calculation by
using equations. rectangudar arrays, andfor area rmodels,

Add, subbrack, midlk |":|'§,l and doide decimats 10 hundradihs, uging
concrete models of drawings and strategies based on place value,
proeperties of cperations, and/or the relationship batween addition and
subtraction; relate the strategy to a written mathod and explain the
FEasaning usad,

1T
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Mumber and Operaticns—Fractions ~~ ENF

Use equivalent fractions as a strategy to add and subtract fractions.

Add and subtract fractions with unlike denominators Cincluding mixed
mumvbears) by replaceng given frections with aguivalent fractions in
such a way as to produce an equivalent sum or differencs of Trections
with like denominators. For example, 273 + 54 = 892 + 1572 = 2392 1in
geners &b + o/ = fad + boibal )

Solve word problems invalving addition and subtrection of fractions
salarrifig ta the same whole, induding cases of unlike denominators,
&g, by using wisual fraction madals or equations L represent the
prodlem, Use benchenark fractions and number sense of fractions

to estimate mentally and assess the reasonablenass of antwars, For
SFNTIINE FETOGUNEE an Mediract resolt 245 ¢ 2w 37 By oheernng that
3T = A2

Apply and extend previous understandings of multiplication and
division to multiply and divide fractions.

5

5

Ted

Interprat a fracticn as divisson of the aurmerator by the denominator
L&/t = a + bl Solve word prokldems invgbang division of whols
numbers leading o answears in tha Tarm of ractions or miked numbers,
a.g. By using visual fraction models or equations to reprasant the
problem. For example, inferprel 34 as the resll of divialing 3 By 4 aoding
Hhal 340 muwitiohad by 4 aguals 3, and that when I wholes are shared
egualy among & paopde each persan has & share of size T4 F 9 peopla
wennl fo shava a S0-pound $ack of rde sgually B weighd, how many
peimds of noe showd' each parson ged? Eebwesn what fwo whols numbers
choRs VoL answer e?

Apply and axtend previces understandings of multiplcation to
multiply & fraction or whaola number by 3 fraction

g. Interpret the product (a/b) = g as a parts of a partition of g
into b equal parts; equivalently, as the result of a seguence of
operationd o ® 4 * b For evarmple, vse a visuad fraction mode) fo
show (2/3) = & = B3 and creale & shory context for this eguation, Do
e sama wilth (2730 & {4/5) = 8715, (W pevaral (a0t & (ool = ac/d)

b. Find the araa of & rectangla with fractional side lengths by tilisg it
with unit sguares of the appropriate unit fraction side lengths, and
sheve that the area is the same as would be found by multipdying
tha sida lengths, Myltiply fractianal side lengths to find aress of
reclangles, pnd represent fraction preducts as rectangular areas

Interpret rmultipdication es scaling {resizing), by:

d. Comparag the £ige af 8 product bo the size of one factor an
the basis of the size of the other facton withaut parforming the
ndicatad rmultiplcation

b. Explaining why multiphang a givan numbsr by a fraction greater
than 1 results in & product greater than the given number
{recogmizing maltiplication by whole numbers greater than 1 as
a familiar casal explalning why multiplyving a given numbear by
a fraction less than 1 results in a praduct maller than the green
migmber; and relating the principle of fraction aguivalencs a/h =
Cnxal/lnehl to the offect of multiphang 340 by 1

Solve real wordd problams Inwalving multiplication of Tractions and
mixad numsers, a.g. by uding visual fraction models or eguations to
reprasant the probiem.

Apply and extend previous wndgrstandings af diviseon 1o divide unal
fract:ons by whaola numbers and whede numbers by unit fractions.!

a. Interpret division of a wunit fraction b 3 non-2erd whale number,

'Students alble to muttiply fractions in general can develep strategies to divide frac-
tians n genaral, by reasaning absat the relationship between maltiplication and
diwision. But division of a fraction by a fraction is not a raguiremant at thic grage

Hhors L]

2%




and compute such quotients, For aramme creale & slory contest
for (1430 + 4, and vsa a visval frackion model fo show the quotipnt.
Lise the redationsfivn betwean mwboicaltion and divsnon o explan
Ehat (173 = 4 = A because (178 5 4 = 55

b. Interpret division of & whaole number by a wnit fraction, and
compule such guatisnts. For asample, creale a sfory cantext for
4+ (00, and ure a wisua! fraction model to show the guotient Use
fig rdatmonstun bebaeen mbpieation and division fo explawn thad
4+ (W5 = 20 hecavse 20 » {(3/0) = 4,

L. Solve real world problems involving division of unit fractions oy
non-Zerg whote numbers and division of whole numbers by unat
feactions, a4, by uting visual frection models and aguations to
represent the prabiem. For examgds, how mseh chacaiate will ageh
PEFSoT gl i J peoile gharg 12 1B of choooiale exqualy® How many
I3-cup sendings ane in 2 cuns of mising?

R e L HE

Convert like measurement units within a glven measurement system.

L Convert among different-sizad standard measgrement units within a
given measuremeant system {e.g., comvert 5 cm to O35 m), and use
thesa convarsions in salving multi-sten, real world problams,

Represent and interpret data,

2. Make a line plot to disolay a data sa1 of measurenvents in fractions af
a unit {72, 1/4, WBL Use operations on fracticens for this grade to sobne
prablams involving information presented in ling plots, For sxamnie,
given oifferent massurarmeants of lguid bn identical beawers, frnd the
Aol aff fguhd each beaker wowld confain if the fotal amount in all the
brakers were redisinbuted eguaily

Geometric measurement: understand concepts of volume and relate
volume to multiplication and to addition.

3. Recognize woluma as an attribute of salid figures and uadarstand
concapts OF volume rressurerment,

a. A cubs with side lgngin 1 umt, calbed a “unil Cukse,” is 2aid 10 have
"one Cubic unit” of walurma, and can be uzed to measure volume,

b & sodid figure windch can be packed without gaps or overlaps
uding 1 unit cubes is said bo have a volume of & cubic uniks

4, Measure wolumas by counting unit cubes, using cubic cm, cubic in,
subic 81, and impeovised units

an

Ralate valume 1o the aparaticons of multiplication and addition and
“alve real world and mathematical prohlams invalving wolumea,

a, Find the voduime of a right rectangular prism with wihole-number
side langths by packing it with unit cubes, and show that tha
woluma is the same as woild Be found by rmultipbyng the edges
langths, equivalantly by mulliplying the haight by the area of the
Bage, Reprasent threefold whele-number procucts as walumas,
2., to represant the assofiativa proparty of multplication

b. Apply the farmulaz W= w= Aand ¥= b = ffor rectangulan
prisms to find wolumes of right reclangular prisms with whole-
numbar adga lengths in the context of solving real world and
mathematical problems

L, Reccanize walurme as additive. Find volumes of solid figuras
composed of twa non-overlapping right rectangular grisms by
adding the volumes of the non-overlapping parts, applving this
techsigue 1o solve real world problems.

i
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Geomatry . 5.6

Graph points on the coordinate plane to solve real-world and
mathematical problems.

. WJse a pair of parpendicular rumiber lines, cafled axes, to define a
coardinate systam, with the intarsection of the Nnes {the origin
arrangead (o colincide with the O on each line and a8 given poant in
the plane located by usimg an ordarad pair of numbers, called ity
cofrdenates, Undarstand that tha Tirst number indicataes how far to
traval Trarm the arigin in the direction of one axis, and the sacond
numbier indecatas how far to travel In the directian of the sscand
axis, with the canvention that the names of the beo awas and tha
coordinates corespond (a.g., x-axis and Fooordinate, s and
DT demated

2. Rapresent resl world and mathematical problems by graphing points
in the first quadrant of the coordinate plane, and nlerpret coordinate
waliies af paints in the confext of the situation.,

Classify two-dimensional figures Into categories bazed on their
properties.

3. Understand that attnbubes belonging to a category af twa-
demensicnal figures also belong 1o all subcategories of that category.
For sxample, all rectangles have fouwr right angles and SQuares oo
rechangies, 5o alf Suares have faur faghl angles

4, Classity twc-demensional ligures in 8 hisrarchy based on propartias.



Mathematics | Grade 6

In Grade &, instructional time shouwld focus on four critical areas: (1)
conmecting ratic and rate to whole number multiolication and divisian

and using concepts of ratio and rabe to salve problems; (Z) completing
understanding of divisicn of fractions and extending the rotion aof number
to the systern of rational numbers, which includes negative nurmkbers;

{3} wrltlng. inferpreting, and using exprassians and equations; and (4)
developing understanding of statistical thinking.

(1} Stedents use reascning about multiplication and divigion to salye

ratic and rate probéams abouk guantithes, By viewing eqguivalent ralios

end rates a5 deriving from, and extending, pairs of rows (o columas) in
the multiphication table, and by analyzing simple drawings that indicate
thi relative gize of quantities, stedents connect ther understanding of
multipfcation and division with ratios and rates. Thus stedents sspand the
scopa of problems for which thay can e multiplication and division ta
sahve problems, and they connact ratios and fractions. Stedants solve a
widle variety of problems involving ratios and ratas.

{21 Studants uge [he mapning of Fractions, the mearmings of multplication
and division, and the relationship Bebwesn rultiplication and division to
understand and explain why the procadures for dividing fractions makea
sanse Students use thess cperations to solve problems, Students extend
their presvious underitandings of number and the crdernng of mimbiers

to thie full system of rationad numbers, winch includes negetive rational
mumbers, and 0 particulas nesative mtagers, They readon aboul the ander
and absolute valve of raticnal numbssrs and about the location of Eongs In
all toiir guadrails of the coordinate plans,

{31 Studants understand tha use of varablas in mathematical esoresgions,
Thay wrile axpressions and equations that corraspond to givan situations,
avaluale expresiand, and use expredsions and formulas to solve problems.
Studdants understand thal expressions in different Torms can be egquivalent,
and thay usa the propartas of coerations to Fawy e Sxadassions i
adquivalent forms. Students krow that the solutions of an egueatian arg the
vasies of the variables that make the equation true. Students use prooerias
of operations ard the idaa of maintaining the equality «f bath sides of

an equation to solve simnle ora-sten aquatons, Studants constract and
analyza Lables, wuch & tables of quantities that are in @quivalent ratios,
and they usa aquatond (such at Ix ® ) o describs relationships between
cuantitias

) Buildeng an gnd resforceng their understanding of numbear, students
begm to develon their ahility to thank statistcalty. Students recogniza that a
data distribalson may nof have a definite center and that differant wavs to
mgasurg Centar ekl ditterent vaduas, The median measures center in tha
sapse that it 1s roughly the midale vakia, The mean measueas center in tha
gansa that it 15 the value that sach data point would take on it the total of
the data valees were redistnbuted aqually, and also in the sense that it 15 a
ralance point, Students recognize that a messure of variability (interguartila
range or maan abechute daviation} can alsg De gsalul for summanZirs

data besauts two vary different sets of data can have the sama mean and

3 307
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mciian wet be distinguishad by their variabdity, Students leam o describe
ard summiarize numencal data sats, idantifying clusters, peaks. gaos. and
symmattry, considering the contaxt nowhich the data were collegtad,

Students in Grade & also build on their work with area in slamentarny
schaol by reasonirg about relationships among shapes to datermine area,
surfece ares, and voleme They find areas of ight triangles, othar trianglas,
and special guadrilaterals by decomposng thess shapes, rearranging

oF FMMmEVING RIeCES, ard ralatog the shapes o rectangles, Uking Lhess
mathods, students discuss, dewelop, and justify formulas for areas of
triarles and perallelograms. Students find areas of polygons and surface
argas of prisrms and pyrameds by decompeosng them into pieces whose
anga they can defarmene, They readcn aboul right rectangular prisms

with fractional side lengths to extend Formulas Tor the wolurme of & right
rectargular prism to fractional side lengths, They prapare for work an
scale drawings and constructions in Grade ¥ by drawing potygons in e
cordrate plans,




Grade 6 Overview

Ratios and Proportional Relationships

* Understand ratio concepts and use ratla
reasoning to solve problems,

The Mumber System

+ Apply and extend previous understandings of
multiplication and division te divide fractions
by fractions.

= Computa Auently with multi-digit numbers and
find common factors and multiples

= Apply and extend previows understandings of
numbers to the system of rational numbars.

Expressions and Equations

= Apply and extend previous understandings of
arithmetic to algebraic expressions.

* Reason about and solve one-variable eguations
and inegualities,

= Represent and analyze guantitative

relationships between dependent and
independent variables,

Geometry

* Solve real-world and mathematical problems
involving area, surface area, and volume.

Statistics and Probability
« Develop understanding of statistical variakility,

« Sumimarize and describas distributions,

Mathematical Practices

i

x
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Make sense of problems and persoverns in
galving therm

Reason abstractly and quantitatively

Construct viable arguments and critique
the reasoning af others,

Hadel with mathematics.

Use sppropriate taols strategically
Atbend to precision.

Lesaki Par and make use of stricture

Look for and express regulanty in repeated
raasoning.



Ratios and Proportional Relationships ~~ 6RP
Understand ratio concepts and use ratio reasoning to solve
problams.

1. Underatand the concept of a ratio and use ratio language to describa
a ratio relationship between two quantities, For example, “The ratic
oF Wartgs fo beaks in the bird howse at the roo was 21, because for
ovary 2 wings fhera was 1 beak.”™ "For avavy vale candkdabe A fecarivad
candndiale O refadved negrly [free voles.”

2. Understand the concept of a unit rate a8 associatad with a ratio ab
with & = 0, and use rate language in the context of & ratio relationship.
For examods. “Tiis recioe has a rablio of 3 cups of fowr to 4 cuos of swgar
=0 there s 5/4 cup of fiour for each cup of stgar™ "We pasd 575 for 15
namburgers, which (8 a rate of §5 per hamburger™

3. Usa ratio and rate reasoning to sobse real-world and mathematicad
probiams, a0, by reasoning aboul tables of aguivalent ratios, tapa
diagrams, double nember line diagrams, or aguations

a. Make tables of equivalent ratios relating quantities with wholes
number measuraments, find missing values in the tables, and plet
the padrs of valuad an the csordinate plane. Use tables to compare
ratios.

b, Solve unit rate problems including thosa mcdhing unit pricing and
constant spaad. Far exanmole, It fook 7 hours To o F wns, then
al fhal rate, By many fewns cowld be mowed in 35 hours? At what
rate wena fawns heing mowed?

€. Find a percent of a quantity as a rate per 100 (a.9.. 30% af a
quantity means 3300 times the quantity): sobve problams
wwalving findeng the whole, given a part and thea parcant.

d, Lse ratia reasaning to convert measurement units; manipulata
and transform units approprataly when multiplying or dividing
auantities

The Mumber System NS

Apply and extend previous understandings of multiplicatlon and
division to divide fractions by fractions.

I, Intergrat and Compule guatients of fractions, and salve word
oroblams imeolving dinvdsion of fractions by fractions. e.g., by wsing
visua fraction meodlals and equalions Lo represant the problem. For
axaiie create & storny context for (330 + (3440 and use & visuad frEciion
model fo show the quodients wse the relsbionsiio hefween mutipbealion
ang givisnn o expladin [hat (2430 ¢ (340 = 559 because 4 of 2009 5 23
{in geneval {a/b) = {orH) = aavbe ) How moch chooodate wil each person
gt If 5 paande shave 12 1b of chacolale squaly? How mam: 34d-cun
Fervings are it 273 of & cup of yogurt? How wide 5 @ rechanguise stmm of
fand with dength 1A i and aras 1/2 souare w7

Compute fluently with multi-digit numbers and find commen factors
and multiples.

2, Fluently divide multi-digit rumbars using the standard algorithm,

3. Fluently add, subtract, mudtiply, and divide multi-digit decimals using
tha standard abgorithm Tor eadh Gperaticon

4. Fend the graatest commaon factor of two whole mumbers less than of
equal te 100 and the least comman multipde of bwo whale nombers
less than or @qual to 120 Use the distributive property bo sxpress a
suirn of Two whaole suirmibears 1-100 with a comman fackor as & multiple
af & surm of two whola numbars with Ro Common factor, For exarmais
express I8+ Fas 479+ 2

'Expectations for wnit rates in this grade are limited to non-complex fractions.



Apply and extend previous understandings of numbers te the system

of ratlonal numbers.

O

[

Expressions and Equaticns

Apply and extend previous understandings of arithmetic to algebraic

Understand that positive and negative numbers are used together
to describe guantities naving cpeosite directions oF walues e,
temperature above/below zero, slevation abovebelow sea lavel,
ﬂr&ﬂllti.-"ﬂ'l‘:tli’.i-. ﬁ-UEIIIM"E-.-"I'IEI-_‘.'-a-Ii'ﬂ"E- glactric chargal, use poditive and
nagative numbers to represent quantities in real=-world contexts,
axplaimng the meaning of O in each sibwation.

Understand a rational ramber e= a point on the nuomber line. Extend
numbar lina diagrams and coordinate axes familiar from previous
gradeas [ reprecent poents on the line and in the plans with nagative
number coordinatas.

3. Recognize opposite signs of numbers as indicating locations
o oppRsiba sides of O on the numiser bne; recognize that the
opposite of the opgosite of & number 15 the number itself, &g
={-31 =3, and that O is its owm opposita,

b. Undarstand signs of numbers in crdarad pairs as indicating
lzcatons In quadrants of the caordinata plana; recogrnize that
when two ordered pairs differ only by signs. the locations of the
points ara related by reflections across ane or Doth axes,

. Find and position integars and other rational numbsars on a
horizontal or vertical numbar line diagram; fingd and positicn pairs
of integers and other ratonal numbers on a coordinate plana,

Undarstand ordenng and absolute value of rational numbers,

a. Interpret statements of inequality as statements about the ralatve
Position of two numbears on a niembDer line diagram. For axsamisdea
friterpret -3 > -7 as a stafemen! that -2 s located fo the right of -7 on
& number lne angnbod fram laft fo rght,

B Write, interpeat, and axplain stataments of arder for rational
numbers in raal-workd contests, For exaniode, wrile -3 40 > -7 o
mxpress the fact thart -3 °C 5 warrner than -7 o0

C. Undearstand the absalute value of & rational numbear ax its distance
from 0 on the number ling; interpret absolute value as magnitueda
for a pesdbive or niegative guantity in o real-world situation For
axgnpla for an account badance of -30 dolars, write |-20] = 30 fo
dascribe the sire of Hhe debit In dotars

d. Distinguish comparnsons of absclute value from statemants about
crdar, For erampde, recognize thal an account Balanos fesg than =30
dallars repvasanis & debl greafer than 30 dollars,

Solve real-world and mathematical problems by graphsng points in all
four guadrants of the coordinate plane, Include use of conrdinates and
absclute value 1o Mind distances babwaan poinls wilh the same first
coordinate of the same second coordinate.

expressions.

Write and svaluate numencal expressions invabveng whole=rnumbar
REpOnEnts.

Wirita, read, and avalpate expressions oo which leiters stangd for
nisimibers.

A, Write axprassions that recosd operations with nurmbsecs and with
latters standing for nrumbers. For evample, express bha calculahon
“Subfract v from 5% as 5 -
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b, Idantify parts of an axprassion ysing mathamatical tarme (sum,
term, product, factor, guotient, coefficient); view one or more
parts of an exprasson as a single entity, Fov exampde, gescria e
axpression 2 G2+ T as a product of two Ssctors; view (8 + T as bath
a siace antity amd & S OF Tivd Perms.

€. Ewvaluate expressions at specific values of their variables. include
axpresssons that arise from formulas used in regdsworld problems
Perform arithmetic operations, including these involving whole-
number exponants, in the comnvantional order when thare are no
parenthasas b specify 8 particular arder (Order af Operationg],
For grample, vse the formuies VW = 57 and A = 5 57 tg find the valurme
ang surface arae oF 3 Clbe with siges of fangih 5 = ;'-"?

. Apply the properties of oparations Lo genarate equivalent expressions.

For geame, apnly the oistribulive oroperty o the expression X (2 + x} fo
producs Hha agunsaien! expresson B+ Iy appiy the aistribolive prooeaerty
to the exprassion 2dx + 12y ho proouce [he Equrvaenl exprasson

B 4y # Iyl aoply properties of aoevations fa i ¢ i ¢ i [0 oeoddlice fhe
mpuEant axmrassion Sy

Identify whan twao exprassions are aguivalent e, whan the bag
Epressions name the same nember regardless of which value is
substituted inte tham, For ervamode, the expressions ¥ + ¥ + y anad Jy
afa aguivaler! because [hay narme (e sarme marnbey regascdless oF wiich
rwmber v stands fon

Reason about and solve one-variable equations and inegualities.

o

Understand solving an eguation or inequality as a process of
answaring a question: which values from a spacifiad sat, if any, maka
the eguation or imeguality brue? Use subskitution to determine whathar
a grvan numbar in a specified set makes an equation or tnequality true

Lisa varakbles to reprasant numbers and wiite expressions whan
salving a real-world or mathematical preblem; eunderstand that a
varizbla can reprasant an unknown rimbar, or, dapanding on the
purpose al hand, sny number in & specfied set,

Soive real-world and mathematical problesms by wriling and salvifg
eauations of the form & + o = g and ox = g for casas in which o, g and
% ara all nonnegative ratianal rimbars.

Wirite an inequality of the Tarm & > ¢ or x < ¢ [0 reprasent a conslraint
or conditicn in a real-world ar mathematical problem. Recognize that
inegualitias of the form ¥ & ¢ or x < ¢ have infinitaly many solutions:
repredent salutions of such inegqualitses oo number ine disggrarms.

Represant and analyze quantitative relationships between
dependent and independent variables,

a

Llg& yarables to represant two quantities i a real-world preblem that
change in relationshin to one ancther write an eguation 0 axprass
ana quantity, thouwght of as the dependent variable in tarms of tha
other quantity, thought of as the indemendent vanabde. Anabyze the
ralationship betwean the dependent and independeant variablas using
graphs and fables, sand relate these bo the sguation. For exsmpile, i a
profslem imeoiving modon ot constant speed, b5t and groph ordered pars
of oistances and fimas, ang write fhe agusbion o = B5) fo raprasent the
Felationiaing Sebaesn disfanca angd Bme,

Geormetry 6.5

Salve real-world and mathematical problems involving area, surface
area, and volume.

Find the area ¢f right riangles, clher trangles, spacial quadrilaterals,
and polvgons by composing into rectangies or decomposing inko
triangles and othar shapes: apoly these technigues in the context of
colving real-world and mathematical problems.

§ 3w
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2. Find tha volume of & nght rectangular prsm with frachonal edge
lengths by packing it with unit cubes of the appropriate unit fraction
edge lengaths, and show that the yvalurme s the same a9 wwauld ke
found kv multiphing the edge lengths of the prism, Apply tha
farmulas 1= v b and Ve b B te lind vabumeas of right rectangelar
prisms with fracticnal edge lengths in the context of schving realswor|d
and mathematicad probdems.

3. Draw palyacns in the coordinate plane ghven coordinates for the
vartices; use coordinates to find the length of a side joining points with
tha sama first coordinate or the same sacond coordinate. Apply these
techmigues in the cantéxt of dalving real-vwarld and matharmatical
problems.

&, Reprasant threa=dimensicnal Fligures using nets made uo of rectanales
mrid Lriengles, snd use thie nats o find the swlsce area of these
figuares, Apnly thase techniguas in the context of solving real=world
gnd mathematical problems,

Develop understanding of statistical variability.
L Regognize a statistical guestion as one thal ancipatas varraiility in
the data related to the guestion and accounts for it in the answers, For
examole, “Haw aidham 17702 nol 8 stabiziical guastion, dul “How i’ ane [Fue
students n ey schocd 77 05 @ stadisticad gueshon becawse one anboioates

vargbalify 0 Stuorants” ages

2. Understand that a set of data collectad ta answer & statistical quastion
has a distributton which can be describad by its center, spread, and
owerall shape

3. Recognize that a measure of center for 8 numerical data set
summarizes all of its values with a single numier, whila a measura of
wariaglion describes how DS wvalues wary with & single number,

Summarize and describe distributions.

4, Display numarical data in plots on a numbsse e, including dab plaks,
histagrams, and bos plots,

5. Sumrmarize nurmarical dats sets in relation bo thesr context, such as by
1. Reporting the numbser of ohsarvations,

b. Descrining the natura of the attributa under investigaticn
including how il was rmeaseced and its units of messurement.

€. Giving quantitative measures of centar imadian and/or maan’ and
varability (interguaitilée rangs andSor mean absalute daviation), as
well as descnbing any overall pattern and any striking deviations
fromm the ovarall pattesn with referenca to tha context in which tha
data were gathered.

d. Relating tha choice of messures of centar snd varishility to the
shapa of the data distribution and tha context in which the data
ware gatherad,

G SwHE
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Mathematics | Grade 7

In Grade ¥ instructional time shouwld foous on four critical areas: (1)

developing understanding of and appdying oropartianal redationships,
{21 developing understanding of operations with rational numbers and

working with expressions and linear eguations; (33 solving problems
invodving scale drawings and informal geomeatric constructions, and
working with two- and threp-dimensional shapes to salve problems

involving area, surface area, and valume: and {4) drawing inferences sboul

pulations based on samples.

(1) Students extend their understanding of Fatios and develon
undarstanding of propertionality to solve single- ard malti-sten problems,
Students use their understanding of ratios and proportionality to sohve

g wide variely of percent problems, meluding thase mwalving discounts,
intarast, Taxes, Ugs, and percent increase of decrease. Students solva
problams about scale drawengs by refating commasponding lengths batwean
the ohjects or by using the fact that relatorshios of lengths within an
object are preserved in similar objects. Stedents graph proportional
refationships amnd undarstand the unit rate infarmally as a measure of Lthe
staapness of the ralatad line, called the slopa, They distinguish propoetiongd
refationships from othaer relationships,

{2} Stedents devedop a unified understendchng of number, recogrizing
Fractions, decenais (That have a finite or 3 repaating decemal
reprasantation), and parcants as diffarent represantations of raticnal
rumbers. Studants antand additson, subtraction, multiphcation, and division
Lo all rationad numbsars, masntaining the properties of operations and the
relationships Between addition ard subiraction, snd multalication and
division. By apphing thesa propesties, and by vigwing negative numibsars
in terms of everyday contexts {e.g., amounts owed or temperatures below
zerp], studants explain and interpret the roles foe sdding, subtracting,
multihing. and dividing with negative numbers, They use the arithmatic
of rational rambers as they formulate sxpressions and aquations in ona
varigble and use these sguations to sclve problems.

(3} Students contmue thalr wiork with area rom Geade 6. salving prokéams
imenlwirg the area and circurmfarance of a circks and surface arga of thraa:
dirmensional objects. In preparation for wark on congruence and similarity
in Grade 8 thay reason about relationships among beso-dimensianal fligures
useed scale drawengs and infarmal geamelsic constructions, and they gain
farniliarity with the relationships hetwaen angles formad by intarsectng
lires, Students work with threa-dementsonal ouras, relating them Lo Twid-
dimansiona figures by examining cross=sactions, They sodve real-world
and mathermatical proolems involving area, surface area, and volume of
twe- and three-gdimansional objects cormposed of triangles, quadrilaterals
polwgons, cubas and rght prisms

fd} Stucents build cn ther previcus wark with smgle data distributcns to
compara two data distributicns and addeass guadlions aboul diffaranceas
oetween populations, They bagn informal work with rardom samoling

to ganerate data sets and learn about the importance of representative
carmples o drawineg inferancas,

£ Jidwe
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Grade 7 Overview

Ratios and Froportional Relationships

« Analyze proportional relatlonships and use
them to solve real-world and mathematical
problems,

The Mumber System

+ Apply and extend previous understandings
of operations with fractions to add, subtract,
multiply, and divide rational numbers,

Expressions and Equations

* Usa properties of operations to generate
equivalent expressions,

» Saolve real-life and mathematical problems
using numerical and algebraic expressions and
eguations.

Geamelry

+ Draw, construct and describe geametrical
figures and describe the relationzhips betwaan
tham,

* Salve real-life and mathematical problems
Invalving angle measure, area, surface area,
and volume,

Statistics and Probability

+ Lsa random sampling to draw inferences about
a population,

« Draw informal comparative inferences abaul
two populations.

= Investigate chance processes and develop, use,
and evaluate probabkility madeals,

Makhematical Practices

IS TR,

Make sense of problems and persevers in
salving them,

Reason abstractly and quantitatively,

Construct viable arguments and critique
tha reasoning of others.

Model with mathematics.

Uise appropriate tools strategically,
Attend ta pracision.

Lock for and make use of structure,

Laok for and express regudarity in repeated
reasaning.

iy



Ratios and Proportional Relationships 7R

Analyze proportional relationships and use them to solve real-world
and mathematical problems.

L Compute umt rates asscciated with raticd of fractions, including ratios
of lengths, areas and other guantities measurad in like or differant
units. Fow avafmode F @ parson walks [£2 mie in sach 14 hows, computa
the wat rate as the complex frachion Y259 miles per howr equivalently 2
mias per ol

2. Recognize and represent proportional relationships batwaan
quanktitias.

a. Decde whether two guantities are ina orooorticnal relatsonshio,
a0 by testing for equivalent ratics v a table ar graphing on &
coordinate plane and observing whether the graph is a straight
kne through the origin

B kdentify the constant of proporticnality dunlt rate) in tablas,
graphi, equations, diagrams, and verbal descriptions of
progartional ralationships

L. Represent proportionad relationships by sguations, For exanmoie,
ratal cast b s propavtional fo the aumibey i af iferns purchased ai
8 Sorrilant price o, fhe refationship befween the tofal cost and the
rvmber of itgms can be expressed 35 F = 0N

d. Explain what a paint i, ) on thie graph of a proportiong
ralatsonship means in terms of the situaticon, with special attention
o the points (0, 0% and (1, rf whera ris tha unit rate

Led

Use proportenal relationshens bo solve msltistesn ratio and parcent
oroblems, Examoias sirmbie mieresd, fay, markuos amd markdowns,
gratuities and comrminsions, foes, oercant increase and decrease, nercant
SR

The Number System 7HS

Apply and extend previous understandings of operations with
fractions to add, subtract, multiply, and divide rational numbers.

. Apoly amd axtend previows understandings of addition ard subtraction
to add ard subtract rational rumbers:; represent adodsticn and
sibtrachion an a horizgntal or wartical member line diagrarm.

d. Cescribe situations in which opposite guantities combine to
maka O, For axarmiha a hyadrogen slom has 0 chavge because s fvo
constilients are oppasitally charged

b, Understand p & g 85 the number locaked a distance lg] from g,
in tha positive or negative diraction depanding on whathar o is
EOsiTve oF negative, Show that & number and its opposite hava
a sum of O (are additiva inverses). Intarprat sums of rational
numizers by describing reai-world contaxts,

. Understand subtraction of rational numbers as adding the
additive imyarse, 0 - g = o+ (- Show that the diskance betweesn
e Fational numbers on tha rumbar liree is the absolste value of
thair difference. and apply this prncipla in realwordd contexis

d. Apply properiies of operations as streteqies bo add and subtract
rationel numbers.

2. Apply and axtend pravicus understandings of multipdication and
divisien and of fracticns to multiply and divide rational numbers.

&. Understand that multhplication 15 extended from fractions to
raticnal numisers by raquiring that operations continue to
salisfy the properties of operations, particudarly the distribative
proparty, leading o products such as (=130-11 = 1 and the rulas 5
Far mulDplying Sgnaed numbers. Interpret products of rational .
nurmbars by describing real-waorkd contests



B, Understand that integers can be divided, provided that the divisor
% ol Zerd, and every quetient of integers {with non-zero divisor)
i5 a rational numbar. If g and g are integers, then -(ofg) = (-p)fg =
o [—qk Interpret quotients of rational numbers by describing real-
winrld contexts,

C. Apply properties of eperalions ad strategies to multiply and
divide rational members, =

d. Carmart a reticnal number to a decimal using long division; knoe
that the decimal form of 3 retionad number terminates in 05 or
avantually repaals,

3 Solve real-world and mathematical problams invalving the four
operations with rational nembers,’

i 5 ot b
Expressions and Equations
Use proparties of operations to generate equivalent expressions.

1. -'-"-I-'-'nl'_-.' properties of oparabions as strategies 1o add, substract, Tackos,
and axpand lmear axvprassions with rational coefficients

2. Understand that rewnting an axprassion o differant forms noa
orcolam context can shad light on the prablem and how the quantities
in it are relsted. For exampode, a + Q0% = 105 means thal “incragsa by
S¥" 15 the same gf mibode by D05

Solve real-life and mathematical problems using numerical and
algebraic expressions and eguations.

5 Dolve multi-step real-life and mathematical problems posed with
positive and nagative raticnal numibess inany form (whole numbers,
racihons, and decimals), using ools strategically. Apply properties of
aparations to calculate with numbars inany form; convart between
forms as approprata; and assess the reasonableness al andwears using
mantal computatica and estimation strategies. For axvamaole: iF a woman
making 525 an howr gets @ 10% mise she wil make an aokitimngs L0 of
har salary an howr, oF 52 50 for & naw salany of 12750 F oo want fo place
a towe! bar 9 344 inches fong in Bhe cender of a door Bhatt i 27 172 inches
widha, yout Wil nesd to ace e bar about B inches from each sdge! this
asfinrate can e yied as & check on the exsct computation

A4, Use variables to represent quantities in a real-world or mathematical
problem, and construct simple equations and inequalities to salve
problams by reasoning about The guantitres

a. Sobwyg word prodems lgading o equationg of the farmpe v g = ¢
and plx v ) = r, where o, g, and rare spacific rational numbars
Schea pouations of thase forms fuently, Compase an algabraic
seiution [0 an arithrmeatic solution, identifying the sequence of the
operations used in each approach. For example, the peamater of a
rechangie iz 54 Cn, Jts mngth &5 6 om, Welat /5 s wialth®

b. Sobve word problems laading to inegualitias of the form ox + g = ¢
aF ox + g < r, where & g, and ¢ are specific ratsonal numbers. Graph
the solution set of the inequality and interprat it in the context of
the problem. For sxample: A5 3 So0E50Ersan, Jou are Dakd S50 Dev
waek olus 5 ner sale. This wieal 1ou want oor oF fo be at least
FAID Wrila an Maguaily for the nimber of sales you need o make,
and describe the sofutions

Geametry 7.G

Draw, construct, and describe geometrical figures and describe the
relationships between them,

I Solve problems involving scale drawings of gaometrs Fguses,
including computing actual lenaths and sreas from a scale drawing

and repraducing a scale drawing at a differant scale ]

T

it

= & i 1 =
~Ompatations with ratonal numders extend the riles For maniguelating fraclions to m
comphox fractions, i
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2, Draw (frashand, with ruler and protractor, and with techaalogy )
geometric shapes with given conditions. Focus on constructing
trlangles trom three measuras of anglas or sides, naticing when he
conditions determine a wnigus triangle, more than one triangle. of na
triangle.

3. Describe the two-dimansional figures that result from slicing three-
dirmangional igures, a2 in plane sections of right rectangular prisms
and right ractangular pyramids

Solve real-life and mathematical problems invelving angle measure,
arga, surface area, and volume.

4. Hnood the formiglas fod tThe area and circumferance of B circle and uie
them ta solve prablems; grve an informal derivation of the relationshio
Detwaan the circumferance and area of & circls,

5. Use facts aboul supplemantary, complementary, vertical, and adjacent
angles im a multi-steo problem ta write and solve simple equations for
an unkmown angle in a igure.

G Solve real-world and mathematical preblems imvehang area, volema
and surface arga of two= and three=dimeansional abjects composad of
triangles, guadrilaterals, polvgons, cubes, and right presms.

statisties and Probability  7sp

Use random sampling to draw inferences about a population.

1. Understand that statistics can be used to gain information about a
population by examining a sample of the popadation; generalizations
abxaub 8 popdation from B sample are valid oaly if the sample is
representative of that population. Undarstand that rmndom sampling
tands to produce representative samples and tupport valid inferancas,

2. LJie dats frem & random sampde o draw inferences about a pooulation
with an unknown charactaristic of interast, Ganarata multiple samples
Car sirmulated samples) of the same 52e Lo gauge the variation in
astimates or predictions. For ssample, estimate the maan woed langth in
& book by randomiy samping words frone the Hook, oreaicl the Winier af
o SChody elaction based of randamily wanpled survey dela, Gauge how far
off the estimate ar prediction mighd bie,

Draw informal comparative Inferences about two populations.

3, Infarmally ascecs the degras af vizual overlap of two numencal
cdats distributions with similar variabdities, measuring the differance
betwesn the centers by axprassing It as a multiple of a maasure of
wariabality. For asamohe e msan haght of plavers on the basketbal!
team is N cm greater than the maan eight of plapers on e soccer e,
alaul fwace e variabiiny fmeaat almaiite devialiont an either fearm on
& oo piod, Fe separation befwesn the fwo distribobons of beights is
naticaabie,

4, Lze megsures of center snd meadires of variability for numerical data
fram random samples b0 draw informal comparative infarancas about
bwo popalations, For eranide, decioie wiedhar e wards Jn g chapler
arf @ sevendi-rads soiemoe Hook afe ganarally ovmgrar [han e word i 8
chapter of a fouvih-grade science book,

Investigate chance processes and develop, use, and evaluate
probakility models.

5, Understand that the probability of a chance avent is a number
bBatwesn 0 and | that expresses the elibood of the evant otourring
Larger numbers indicate graatar likalihosod, & probability near D
Indicates an walikely svant, a prooasbibty around /2 indicatas an avant
that iz neither unlikely nor likely, and a probakslity near 1 indicates a
likgdy awant



B, Approximate the probability of a chance evant by collecting data on
tha chance process that praduceas it and obierving its long-run relative
fraquancy, and predict the approximate relative frequency given the
probablity. For exarmale, when roling & nember cube GO0 Dmes, oregicr
that a .3 or & wouwld be roteg Foughly 200 firmed, Bul orobably nol axactly
200 dirnes.

£ Davelop a probanibty model and use it to hind prababsities of evenits
Compars probabilities from a model to observed freguencies; if tha
sgreament is not good, exnlain possibde sources of the discrapansy.

3. Develop a uniform probahility model by assigning agual
probahility to all cutcomes, and use the modal Lo determine
probabilities of events. For eramode, F & sfuadent 5 seleciea o
rangom fram @ Class, fnd the orobabilify that Jane will be selectag
arsd fhe probabiily hat a g Wil be selecied.

b, Develop a prabability model (which may not ba uniform) by
ohserving frequencias in data generated from a chancg process
Fov exarmpde, Mind the appraximals probabulbily thal & spimoimg ooy
will lang' heeds up or thad & fossed Daper cup Wi g open-ano
v, [y [he aufconmas for [he sninming parvg Sopear fo be egually
kel bazed on the observed froquencies?

Z  Find probahilitias of compound avents using organized lists, takles,
tree diagrarms, amd simulatian,

A, Undarstand that, just as with simple evants, the probabsility of &
compound event is the fracticn of putcomes in the sample snacs
fior widch tha compound evant coours

. Ropresent somple spaces for compaund awents using methods
sich a8 ceganized ligts, tables and tree disgrams. For an event
described in everyday language (eg., “rolling double sixes™),
Identity the gubcomas in the sample space which compose the
avant.

£ Design and use a simulation o generate frequencies for
compound events. For evamole, use ranoom algils &5 & samulshon
hody [0 aporaxyymala [ha answar fo fhe gueshion F 40% of danars
hgve Ipoe A biood, what s the probabiity that it wil fave at sask 4
donars fo fing oma wath fyoa 4 hinoo?




Mathematics | Grade 8

In Grade &, instructiona time should focus on three critical areas: (1) formulating
ard reasaning aboul expressions and eguations. inchluding modeling an association
im brearabe data with a linesr egquation, and sodving lirear equations and systems
af limear eguations. {2) graspirng the concept of a function and using functions

to describe quantitative relationships; (33 analyzing two- and three-dimensiconal
space and figures using distance, angle, similarity, and congruence, and
understanding and applying the Pythagorean Thaarem

(1) Students wse Brear equations and systems of lingar aguations to represant,
analyza, and solve a variely of problems. Students recogrize eguations for
proportons {w's = moor ¥ =m0 a8 special linesr squations (¢ = & B,
undarstanding thal tha constant of progortichality (m) is the slopea, and the graphs
are lines through the ceigin, They undarstand that the shope {m) of a line s a
constant rate of change, so that if the input or x-coordinate changes by an amaount
A, the dulpul o p-coordinate changes by the amaunt meA, Studants also usa a linaar
aquation to describa the agsocsation belween Dwo quantities in bivariate data (such
a5 arm snan v, aight for students In a classraam), At this geada, fittirg the model,
and assessing its fit to the data are dong informally, intarpeating the madel in the
contex] of the data requires students o express a relationship batwesn the two
aqantitias in questicn snd Lo interpret compoanents of the relationship (such as slope
ard p=intercepty in farmns of the situation.

Students strategically choose and efficiently implamant procedures to sodve linear
afqualions in one variable, understanding that when they use the proparties of
aquality and the concent of kgical aquivalencs, they mamtain the solutions of the
crginal emeation, Stedents sohne systems of Dwo ne s equalions in Do varables
ard relate the systems to pairs of Inas in the olana; thase intersect, are parallal, oF
are the sarne line. Students use linear eguations, systems of linear eguations, linaar
functions, and thes understandesg of dlape of & line Lo analyee situations and solee
problems.

0270 Studants gragp the concept of a function as a rule that assigns o sach irput
exacthy one cutDut, They understand thal funchicns detaribe ftuations where one
quantity daterminas another, They can translate among representations and partiad
representations of functions (noting that tabular and graphical represantations
ey bBe partal reprasentetions), and they describe how asoects of the function are
raflected in the differant raprasentations,

(31 Students use ideas about dstance and angles, how they bahave under
translaticoms, ratations, refections, and dilations, arnd ideas about congruence and
sirmilarity to dascribe and analyze teo-dirmsnsicnal figures ard o salve proflems,
Studeants shaw that the sum of the angles in a trangla 15 tha angla formed by &
straight B, argd that varkows configurations of ey give rise b similar trisngles
because of the angles craatad whan a transversal cuts parallel lines, Students
understend the staternent of the Pythagorean Theorsm and its conwverse, and can
explain why the Pythagarean Theoerarm holds, for exarmple, by decompasing a
squang in bBwo different ways Thay aooly the Pytheaorean Theoren 1o find distancas
betwesn poants on the coordinate plane, to fond lengths, and [o analyze polygons
Students ceomplate their work on volumae by salving problams irvolving consas,
l.':.'lll'llih:."l"i. and spharec



Grade 8 Overview

The Mumber System

= Know that there are numbers that ara not
rational, and approximate them by rational
numbers.

Expressions and Equations
= Work with radicals and integer exponants,

« Understand the connections betwean
proportional relationships, lines, and linear
eguations.

« Analyze and solve linear equations and palrs of
simultaneous linear eguations.

Functions
+ Define, evaluate, and compare functions.

+ Use functions to medel relationships betwaan
quantitias,

Gaomeatry

= Understand congruence and similaribly using
phyilcal models, ransparencies, or gaamebry
software.

+ Lndarstand and apply the Pythagorean
Thsarem.

= Salve real-world and mathematical problems
Involving volume of cylinders, cones and
spheres.

Statistics and Probability

« Inwestigate patterns of association in bivariate
data.

Mathematical Practices

1

Make sense of problems and persevera in
salving them.

Reason abstractly and quantitatively,

Construct viable arguments and critlgue
the reascning of others,

Madel with mathematics.

Use appropriate tools strategically.
Attend to precisian.

Lock far and make uze of structure.

Lock for and express ragularity in repeated
raascning.



Know that there are numbers that are not rational, and approximate
them by rational numbers.

1. Urnderstand informally that every number has a decimal expansion; the
ratkonal rumibers are those with decimal expansiond that tarminale in
Os or eventually repeat, Kmow that athaer numbers are called irrational,

2, Use rational approsimations of irrabonal rumbears (o compare tha gize
of irrational numbers, locate them approximately on a number lime
diggram, and astimate the valua of ax prassians (8.9, o), For exampoie,
b frunicalimg Lhe decirmal axpansion of v2, show that v.2 = belwean and
2 then between L4 and 1.5, and axpdain how (o confingg o fo get hetter
DDAV I AN,

‘Work with radicals and integer exponents.

1. kKnow and apply the properties of InTeger @dponents o generale
aguivalent numerical exprassions. For agmphe, 37« 3 = 30 o 0 o 27

2, Use souare roob and oube rogt symbols o rapresent solubions o
agustiong of the form 7 = p and " ® p, where p is 8 positive rational
number. Evaluate squara racts of small perfect squaras and cube roots
ol srall partect cubes. Know that v2 is irratianal,

3. Uze numbers expressed in the form of a single digit times an integer
powmer of 10 Eo estimate vary lange of very cmall guantities, and Lo
avprasd how many timas as much one s than the other. For axamole,
astimate the nogwlation of the [vked Stades as I » MM ang the population
of [ workd a5 7 = JOP gnd delevmine thad the workd popolation i more
than 20 imes largar

4. Perform operations with numbers axpressad in scienbific notation
imiheding preblems where both decimal and scientific notation are
used. Use scientific notation and choosae units of approprlate siza
far measuraments of very large or vary srmall quantitiag (ag., use
milimeters par year for seafloor spreadingl. Interpeet scientific
natation that has baan genarated by tachnology

Understand the connectlons between proportional relationships,
lines, and lingar aquations.

3. Graph proportonal relaticnships, Interpreting the unit rata 35 e
afope of the graphe Campare two different proportional relationships
reprasantad in different ways, For expmode, compane 3 disfanoe-fime
gramh o 3 gistance-bnte aguabion (o defarmmuns wieh of bwo mdning
Gbyecis has greater speed.

& Use similar triangles to axplain why tha slope m is the same betwaan
any twa distinct points on a non-vertical ling in the coordinate plans;
derive the eguation v = mx for a line through the origin and the
aquation i = my + O tor 3 ling intercapting the vertical axis at &

Analyze and solve linear equations and pairs of simultaneous linear
equations.

7. Sochee linear equations in ong variabie

3, Give sxagmplas of linear equations in one variable with one
solution, infnitely many solutions, or no solutions, Shoss which
of thasa possibilities is the casa by suctessively ranslorming the
givan egquation into simpler forms, until an equivalent equation of
tha farm x = a, a = 2, or a = & resylts fwhars a and b are diffarant
nimbars],

b, Sobva linear equatkans with ratianal number coelficients, including
efjuations whosse solulicns reaquire expanding axprasssons using
the distributive property and collacting like terms,




8, Analyza and solve pairs of simultaneous lingar equatans,

&, Understand that solubions to a system of twe linsar eguations
in two varables correspond to points of intersection of their
graphs, because goints of intersection satiafy bath equatians
simultaneously.

b. Schia systems of bao linear equations in two vanakbles
plgatraically, and astimale solulions by graphing the eguations.
Sohwa simple cases by inspaciEon, For esample, I + 2y = 5 and Jr +
2¥ = 6 have o sollifion becalise Iy + 2 Camiod simnitansaidly be 5
and G

L. Sofve real-warld and mathematical problems leading to two linear
equatians in two vanables, For evamole, givan coordinghas for [wo
Barg of Soinls, gefssruns whather the e through the fest pawv of
paints imtersects the dng throwugh the second pair

.iE:- E' E;.;:Q- _ﬁ.l. . ‘.._ L . 5 't::.'. =] ] Al IEI-F-

Define, evaluate, and compare functions,

1. Umnderstand that a functicn is a rule that assigns to each input exacthy
one cutput, The graph of a fonction i3 the sat of erdared pasrs
consisting of an mput and the corresponding output!

2, Compare properties of b functions sach reprasanted in & differant
wiay (algebrascally, araphically, numerically in tables, or by verbal
descriptions). For evamale, given @ finear fsnchion represerhan by a fabhe
o values s & finear fimchion represanted by 80 dlieliraic sxoresdion,
dlafermine wivch fumclion bas the greafer rabe of changa.

I, Interpret the aguation ¥ = mx + b as dafining a linaar function, whosa
araph is a straight line, give exarmpdes of functions that are not Bnear,
For evample, the funchion 4 = & giving the ares of & squane as 4 funckon
af If5 side fangih & A inear Sacause 13 graph conlains e soinls (T
(2.4 andd (3.9), which are not on o strasghl e

Usa functions to model relationships between guantities.

4. Constnect a funchion to madal & lisear ralationghip babwaan Lwo
grupnlities. Determine the rate of change and imitial value of tha
function fram a description of a refationship or from baed O, 1) waluies,
inCludding reéadeng thage frorm a table or from a graph. Interprat the rale
of change and initial valbee of a limear function in terms of tha situation
it madels, and in tarms of It graph or a table of vabues

b, Describe gqualitativedy the funchional relationship Delbweaen Lwo
cruantities by anglvzing a graph (e.ge, where the Function 1s increasing
or decreasing, lingar or nonlinear), Sketch a graph that exhibits the
cualitative featbwres of & function that has Been describad verbalhy

Geormelbny 8.6

Understand congruence and similarity using physical models, trans-
parencies, or geometry software,

1. Werify sxperimentally the propertes of rotations, reflactions, and
translations

d. Lines are takan U lines, and line segments to ine segments of the
camae length.

b, Angles are faken o anglas of [ha Lamea meagune.
. Parallel lines are taken [o parallel lines

2 UInderstand that a teo-dirmensicnal figure = cangruent ba another if
the segond can be obtained from the first by a sequanca of ratations,
reflecticns, and translations: ghwan bwo congruent figures, describe a
sefquance thal axhiléts the congruence Belweaen them

'Function notation is nof regurad in Grade B,

]
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4, Degcrie the eltect of dilations, trenclaticns, rolatians, and reflections
on two-dimensional figures using coordinatas,

4, Understand that 8 Pac-dimensional figure is similar to another if the
sacond can De ochiained trom the first by a fequance ol ratations,
reflections, translations, and dilations; givan two similar twio=
dinmensicnal figures, describe a fequence that exhibits the simillariby
between them.

Use informal arguments to establsh facts about the angle sum and
axterics andgle of triangles, about the angles creatad wihan parallel ines
are cut by a transvarsal, and the angle-angle criterion for simaarity of
trigngles. For eraniods arrargpe fhree copres of fhe same drangle so that
the sum of the throe angles appears fo forme 3 ne, 300 ive a0 avalrment
i farms af fransvergals vy [Mg 3 30

M

Understand and apply the Pythagorean Theorem.
6. Ewxplain a proof of the Pythagorean Theoram and ite converda,

f, Anpdy the Pythagorean Thadcrem b determine unknown side lengths
in rigght triangles in real-world and mathamatical probleams in twa and
thres dimansians,

B, apply the Pythegorean Thedarem Lo find the distance betwesn bwo
points in a coordinate system.

Solve real-world and mathematical problems invalving volume of
cylinders, cones, and spheres.

9, KEnow the tarraulas for the vedumes of cones, cylinders, and spheres
and use them to sclva resl-world and mathematical problems

Statistics and Probability P : B.sP
Investigate patterns of association in bivariate data.

I, Construct and mterpret scatter plots for bivanata measuramant
data to investigate patterns of association bebwaen bwie quantitias
DascrnbDe pattarms such a2 clustaring, outliers, positive or negative
atiocialion, linear asscciatron, and nonlinear associaticn,

2. Enow that straight ines arg wid aly usad o model relationships
hebwaan two quantitative variakdes, For scatlter plots that suggest o
linear astociation, infarmally fit a straight line, and informally assess
the madel fit by prdging tha ciosenass of the data EoinTs 1o The lise

% Use the aguation of a linear model to salve problemt in the conte
af bivariale maasurernent data, interpreting the slope and intercapt,
For exampie, in a dear mackald fov & biofogy axparment, Flerovsd & slope
af L5 oyl a5 mraaing thad an adoitional hour of sualight sach dev is
azsociated with an additionad 1.5 om in mature plant height

4, Understand that patterns of association can also be seen in Bivariate
categoncal data Dy displaying Ireguancies and relative freguencies in
a two-way table. Construct and interprat a bwoeway table summarizing
data on two Catagorical variatles coflected Tearm The sarme subjects
Uee ralalive fraguencies calculated for rows or columns to dascribe
ooddrble pirociastion between the two variables. For examala, colfect
data fram studends 0 wouwr class an whether oF nol thay fave & cuvfew on
schoot mghts and whether o nol ey bave aisignen chores af bome. /s
Hrare gvidance bhal those who have o cuvfew also fend fo have chores?
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Mathematics Standards for High School

Thie hiigh schassd standards specify the mathamatics that all students should
sty in order to e college and career ready. Additional mathermatics hat
students should Bearn in orger to take adwanoed courdes such as calculus,
advanced statistics, or discrate mathematics is indicated by {+], a3 = this
exarmiple:

{7 Regpredant compdex numbers an the complex plane in rectangular
ared podar toem (Inchudeeg real and imaginasy furmbars],

Al standards without a {+} symbol should be in e comman mathematics
curriculum far all college and caresr ready students. Standards without a
{=} gyrmbdl fmay also appear in courses intended for all students.The high
schocl standards are lished in concaptual calagories:

' Mumb=er and Quantity
' Algebra

. Fuimdtians

- Pl i inegy

+ Geometry

+  Statistics and Probability

Conceptual categories porray & coharent wiew of Fegh schodl
mathematics; a studant’s work with funchaons, for exampla, crossas a
rarrmber of traditional course bowndarias, potentrally up throegh anag

Including caleubus,

Modehng 15 besh interpretad rot as & collaction of isolated topics buk =
refation to ather standards. Making mathematical models is a Stancdard for
Mathamatical Practios, and specihc modeling standards appear throughout
the high schaod standards indicated by a star symbald ("3 The ster syrmibol
sometimas appaars on tha hasding for a group of standards; in that case. it
ehould be understood to apply o al standards in that group.

L5




Mathematics | High School—Number and
Quantity

Numbers and Humber Systems. During the years from Kindergarten to sighth
grade, stijdants must repeatedly axtend thair conception of number. At first,
“Aumbar” rmeans “counting numiber™ 1, 2, 3. Sa0on after that, O is used to repres=nt
'none” and the whaole numbsers are forrmed by the counting numbers togethar
with zerc. The naxt extencion is frections. At first, fractions are barely numbers
and tied strongly to pictorial representations. Yet by the time students enderstand
cividian of fractions, thay hawe a sirong concept of fractions as nrumbers ard haes
anrected them, via their decimal representations, with the bate-tan syitam used
1o represant tha whole numsers, Durning middis school, fraciiong are augmeanted by
nagativa fractions to form tha rational membars, bn Grade B, students extersd this
systern ance more, augmenting the rationad members with the irational rombers
to form the real numibers, In high schoal, stedents will be exposaed to wet another
exlansion of nurmber, when the real numbers are augmiented by the imaginary
nirmbers to form the complex numbears,

with aach axtansion of nurbes, tha meanings of addition, subiracton
multiplication, and division are extended. In each new number systam-—ntagars,
ratianal numbsers, real numbers, and complex numbers—the four operations stay
thee 2aime o Do important ways They have the commutative, associative, and
digtribiitive propertias angd thair new rspanmdgs Bee Consistent wilh Eheir peeysious
meanings.

Extending the properties of whaole-number exponents leads to new and productne
natation. For example, properlied of whole-mumber axponants suggest that [5Y5)7
should be 5V = 51 = 5 ard that 547 should be the cubss reat of 5.

Calculators, spreadsheats, and computer algabra systams can provide ways for
stuchents to become better acquainted with these ew numbaer systems and theair
notation, They can be uged o gererate data for numearical aaperments, to halp
undarstard the workings of matrix, vector, and complex number algebra, and o
saperement with non-inkeger exponants,

Guantities. In real workd probdams, the answars are esually not numksers Dut
quantities: numbars with units, which irvobeas maasuramsant. B their work n
measurerrent up thraugh Grade 8, students promarily meesure commanly used
attrioutes such as kength, area, and wahemie In high schao], students sncounter 4
wickar variety of units in modebng, &.9., acceleration currency conwarsions, darved
quantities such as parson-hours and heating degrea days, sociad science ratas such
a8 par-cepila ncomea, and rates in evaredey life such as points scored per game or
Ratieng adarages. Thay o encounter novel stuations in which they thermselyes
miust concalve the attributes of interast, For examgale, 19 find a good maaira of
arearall higheay salety, they might propose measures such as fatalities per year,
tatakties par yoar per drver, oF Tatalities par vehicle=mile travedad, Such a concepiual
process is someatimaes called quantfication. Quantification is impartant for science,
a3 whedn Wirface pres suddenly “stands out” as an important vanable in evaporaton,
Livanishcateon 5 aled importand for companies, which must concepiualize raleyant
attributes and create or choose sutable measures for them,
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Number and Quantity Overview

The Real Number System

« Extend the properties of exponents to rational
E!l:pﬂll"l&ﬁig

= Uge properties of rational and irrational
numbers.

Guantities

+ Reason guantitatively and use units to solve
problems

The Complex Number System

=« Perform arithmetic operations with complex
numbers

+ Represent complex numbers and their
aparations on the complex plane

= Use complax numbers in polynomial identities
and equations

Vector and Matrix Quantities
» Represent and model with vector quantitios.
= Parform operaticns on vectors.

* Perform cperations on matrices and use
matrices in applications,

Mathematical Practices

o

R N

Make sense of prablems and persevers in
sodving them,

Feason abstractly and gquantitatively,

Construct viable arguments and critique
the reasaning of athers.

Model with mathematics.

Use apprapriate tools strategicallby,
Attend ko precision.

Laook for and make use of structure.

Laak for and express regularity in repeatad
reasaning.

B5



The Real Number System. = H-RN

Extend the properties of exponents to rational exponents.

1. Explain how tha definition of the meaning of rational exponants
fallews fram extending the propertied of intedger exponents Lo
thiage values, allowing For a notation for radicals s barms of mtional
pxponents. For examode, we define 57 to be the cube root of 5
hecauss we want (591 = 5V i holdl 5o 5V must egual 5

2. Rawrile axprestions involving radicais and rational exponents using
the properties of exponants,

Uze properties of rational and irrational numbers.

3. Explain why the sum or product of two rational numbers is rational;
that the sum of a rabianal nombier and an irraticnal numbsare is irrational;
and that the praduct of 8 nonzera reticnal number and an erraticnal
number is irrational,

‘Guantithes®. ol - N I . T E

Reason guantitatively and use units to solve problems.

. Use units as a way to undarstand problems and to guide the salution
af multi-step prablems; chodse and interpret units conssstently in
farmulas; choose and interpret the scale and the ongin in graphs and
data cisplays.

2. Dafine appropriate gquantities far the purpeds of deseriptive madaling.

i Choose a level of acouracy appropriate to bmitations on measurement
when renorting guantities,
The Complex Mumber System ' M-CH

Perform arithmetic operations with complex numbers.

. Hnow there 5 a comples numbsar { such tThat & = <1, and svary comaolax
nurmibar has the farm a + Bowith 3 and b real,

2. Usa the relation 7 = -1 and the commulative, aisaciative, and
distributive properizes to add, subtract, and multiply complax
nigmbsars

3 {+) Find the conjugate of a compley number, use conjugates to find
modudi and quotients of complax numbars.

Represant complex numbers and thelr operations on the complex
plane,

4, {+) Reprasent complax numbers on the comple: plana in rectangular
anl podar foem Jncluding real and maginary numbers), and explain
why the rectanguler and polar forms of a given comples number
reprasant The same number

5 {+) Represent addition, sublraction, multiplicaticn. and conjugation of
complex numbers geometrically on the complex plane; use propartias
of thizs representation for computatian. Far eramods, (1 =301 =3
Becawse {1 = 3} has modwius 7 amd angument 120"

B, {+) Calcylate the distance batwaan numbers i the complax lane as
the moadulus of the difference, and the midpoint of a8 segment as the
average of the muembers at its andpoints

Use complex numbers In polynomial identities and eqguations.

7. Salve quadratic aqualicns with r=al coefficiants that have complex
solutions.

8 {4y Extend polynomial idantities to the complax numbers, For exsmoie
rewrilie 17 + 4 gs (g = 200y = F1

9 =) Know e Fundamental Theararm of Algebra; show that ot is true faor
quadratic palynarmials.

3l
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Vector and Matrix Quantities - N-WYM

Represent and model with vector quantities.

1. {+) Recognize vactor guantities as having both magnatude and
direction Repgresent vector guantites by directed line segments, and
use approprata F:."-"l'“.'ll.'llﬁ- for wectors and their magritudes (e, v, v,
Hwll, ¥

2. (#} Find the componants of a vector by subtracting the coordinates of
an inigal paint from the Coordinates of a terminal posnl.

3. () Salve problems involving velocity and other quantities that can be
represented by wactors,

Perform operations on vectors.
d. (*) Sdd and subtract vectors.

. Add vectors and-to-end, component-wise, and by tha
parallalogram rula, Undarstand that the maanitede af a surm of
Dwnd waclorg ig Typically nat the sum of the magnitudeas.

b, Givan two vectors in magnituds and direction form, determine the
magnitude and direction of theair swsm.

L. Understand wector subtraction ¥ - i as ¥ + (-w), whare -w s the
pdditive inversa of w, with tha sams rmagnituds a5 wand pointing
in the opposite direclion. Reprasant vector subtraction graphicaelly
by connecting tha tigs in tha appropriate ordarn, and perform
vachor subiraciion componani-wisa,

5, C+) Multiply a vector by a scalar,

1. RHegrasant scalar multiplicaticn graphically by scaling veclors and
poasibhy reversing their direction; perform scalar multiplication
component-wise, 8.0, as l.'ir’.. ""-\.:' = [ Vi '_'f',h':l.

b. Compute the magnituda of a scatar multiple ov wsing [lov| = Lolw,
Compate the direction of o knowing that whean |clv = O, the
direttion of c¥ i either along ¥ {for ¢ > 0 or against v {for c < 00,
Parform ocperations on matrices and use matrices In applications.

&, [+} Lisa matrices to regresent and manipulate data, 4., 1o repragant
Eavoils or incidence relationthips in & network.

f. [} Multiply matrices by scalars to produce naw matrices, a.0., a5 when
all of the payaffs in & gama are dolibled,

g8, (+)} add, subtract, and multiply matrices of aporopriate demensions.

9, (+} Understand that, unlike mudtiplication of numbers, matrix
multiplication for square matrices i5 not a commutative operation, bt
still satisfias the associative and distributive properties.

10 () Understand that the rearo and identity matricas play a rola in matriz

addition and multiplication similar te tha role of O and 1ia the raal T‘
numizers, The deterrminant of & sqguare matrix is nonzero if and onby if T
ther riatrix has a multiphicative inverse i

T (+) Multiply 8 seétor (regarded as a matrix with one column} by a -';.
matrix of suitable dimensions to produce anathar wectarn Wark with i
matricas as transformations of veotors,

. (+) Waork with Z = 2 matrices a3 & trantlarrmations of the plane, and 5
intarprat the shsclute value of the determinant in terms of arga, T



Mathematics | High School—Algebra

E:tpl‘lﬂim'll. Anaxpresshon 5 @ record of a computation with numbers, symbols
that represent numbers, arithmetic operations, exponentiation, and. a8 mora
advanced levels, the apsration of evaluating a functicn. Convenlions abaut the
use of parenthasas and the ordar of oparations assure that each exprassion s
unarmbiguaus, Crealemsg & expression Lhat describes a computation involving a
ganeral gquantity requires the abiliby t2 express the computation in ganeral terms,
abstracting troem spacilic matances,

Reading an expression with comprehension involves anabysis of its undarlying
structure. This may suggest a differant but equivalent way of wiriting the exprassion
that exhibits some different sspect of its meaning. For example, p + 0.08D can b
interpreted as the addition of a 5% tax to a price p. Rawriting o = 0.052 a3 1050
shows that adding a fax is the same as mullplyrg the price by & constant factor.

Algabraic manipulations are governed by the propartes of operations and
expanants, and the convantions of akaebwaic notation. AL limeas, an Expresson is hea
eyl af appiving operaticns to simpler expressions. For example, p + 00050 s the
sum of the simpler EEpresRons o and Q050 Viswined an expression as the sesult of
oparalion an simpler expressions can sometimes clarify its ursderbing structura.

& zpreadshest or a computar algebra systemn (CAS) can be used to experimant
with algebraie axprasgions, parfarm complicated algebraic manipulations, and
understand how algebraic manipulations behawva,

Equations and inequalities. An equation is & stetement of equality between beo
expressions, often viewad as a guestion askong for which walisas of the variables the
exprassions on aither dide are in fect agqual, These valgas gre Lhe solutions o the
eruaton An identity, o contrast, is true for all walues of the variablas; dentities are
often develaped by rawriting an expression in an eguivalent form

The solutions of an eguation in ona varsable form a set of numbers; the solutions of
an eqeation m bwo variables form a set of orderad pairs of numisars, which can b
plotted in the coordingte plane, Twa o more aguations anddor ineguealities form a
system. A salution for such a systern must satisfy avery equation and iraguality in
the systam

AR agquation can often be solvesd by successively deducing from it ore or more
simpler equations, For axampla, ona can add the same constant to bath sidas
without changing the solutions, But 5uarng both Sdes might lead 1o extranecas
golutions. Strategic caompeterncs m solving includes looking ahead for productrve
manipulations and anticipating tha nature and numbsar of salutions,

Soma aguations have no solulicns B a givan numiber sygberm, Bul heave 8 ssdution
in & larger system. For exampds, the sodution of x = 1= 0 s an integer, not a whola
numbs=ar; the solution of 2x + 1= 0 s 3 rational nambes, Aot an Btegear the salutions
af ¥ = 3 = 0 are ragl nembers, not ratsonal numibers, and the solutions of 22 2 2= 0
are complex numbars, not real numibers,

The same salistion techniqueas used Lo salye aguations can ba used UG rearrange
Forradas, For example. the formula for the area of a trapezoid, 4 = (-;u,mgﬂ]n. can
b solved For husing the same deductive process,

Inaquadties can be solwed by reasoning aboul the properties of wmaguality, Marmy
Bt meal all, of the praperties of equalbty continue to hodd for mequalities and can be
useful in solvng them,

Connections to Functions and Modeling., Exoressions can define functions
and equivalent expressions defing the samea function Askmg when two functions
hawe the zame value for the same input keads to an equation; graphing tha two
functions allows for finding aporoximate sclutions of the eguation, Convertirg a
warksal dedcription o an eguation, meguality, or system of these = an essential skill
in modedirag.
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Algebra Qverview

Seeing Structure in Expressions
» Interpret the structure of exprassions

+ Write expressions in eguivalent forms to solve
problems

Arithmetic with Polynomials and Rational Func-
tions

+ Parform arithmetic operations on polynomials

= Understand the relationship batween zeros and
factars of polynomials

= Use palynomial identities to solve problems

= Rewrite rational expressions

Creating Equations

« Create aguations that describe numbers or
relationships

Reasoning with Equations and Inequalities

* Undarstand solving equations as a process of
reasaning and explain the reascning

= Solve equations and inequalities in one variable
= Solve systems of eguations

* Reprasent and solve equations and Inequalities
graphically

Mathematical Practices

L

Make sense of problems and persevers in
solving them,

Reason abstractly and guantitatively

Construect viable arguments and critique
the reasoning of athers.

Model with mathematics,

Use apprapriate boals strategically.
Attend to precision.

Look for and make use of structure,

Lok for and express regularity in repeated
reasoning.



Sewing Structurein Expressions. . A-SSE
Interpret the structure of expressions
1. Interpret B FERRIONS that I'E'F'I'E"S-E'I'lt =] l:l'..i-al‘"'tlt'p' In terms af its context™

3. Interpret parts of an exprassion, such ag terms, Tactoss, and
coefficients.

b. Interpret complicated sxpres=ions by viewing one or mora of Hhedr
RAarss s a tngln antity, For evamble, ftaroral P10 a5 L pradiuiel
af P and a fachsr nal oepenoing on 2

2. Usa the strocture of an expression to identify ways to revwrite it, For
SNHTRIR, S8 Y= 5 a5 (M = [P, I fetoaniZing i 58 5 OiTenencae of
sguavad That can be factored as (27 - y 100 + 97,

Write expressions in equivalent forms to solve problems

A Choose and produce an aguivalent farrm af an espression b reveal and
explain properties of the guantity represented by the axprassson,

3. Fectar a guadratic expression to reveal the zercs of tha function it
dafings.

b. Complete the sguare in a guadratic sxpression to revaal the
MaEimum ar manimum value af the fJunetion it dafinas,

€. Use the propertias of exponanis 10 ransform Expressicns for
axpinential functions, For evample the eroression LIS can be
rgwntten a5 (L15Y) % = L0120 fo reveal the appvoximare squivatant
manthiy nfecest rafe o the annval rate s 15%,

4, Dariva the formula for the surm of a fnite gagmatric daries (whan the
camman ratio is not 1), and use the formula to solve problems. Far
erample, calcuiafe mortgage papments

Arithmetic with Pelynemials and Rational Expressions A-APR

Perform arithmetic operations on palynomials

Understand that polynomials fiorm a system analogous to the integers,
namedy, they are closed wndar the operations of addition, subtractson,
angd mgltiplication; add, subtract, and multiply polynomials.

Understand the relationship between zeros and factors of
polynomials

2. Know and apply the Remainder Theoram: For a pobmomial oix) and a
numbar & tha ramalinder cn division by x - aig o{a), 50 pla) = 0if and
anly if {5 = a) i a Tactor af odx.

[}

Identify 2eres of palynomials when suitable factorizations are
meailabbe, and use the zeros to construct a rouah arach of the function
dafined by the padyrarmial.

Use palynomial identities to solve problems

4. Prova pobmomial identities and wvee Bhem bo desoribe s el
relationships. For evanpls, the polsmomiad imaniity (57 + 17 = (27 - w717 4
[2xpF Can b wded o Henergle Pythagorean tnples

. ) Hnow and apoly the Binomial Theorem for the expansion of G
+ ¥iin powers of x and y for a posithve Intager A, whare x and ¥ are
any numbars, with coafficiants determined for exemple by Pazcal's
Triangla,

The Binomial Theoram can be oroved by mathematical induction or by & com-
inatoriald argurmeant,
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Rewrite rational expressions

B, Rewrite simple retional exprassions n different Forrms; write ﬂl.-"].-"m:_r}
im e form gix) + OS3ad 0, where alx), bx), o0x), and fx) are
polynomials with the degree of M) less than the degres of bix), using
imspactian, lng divisicn, o, Tor the mare complicated examplas, &
computar algekbra sysham,

7o Ced Understand that raticnal exprasgsions Torm a system analcaous
to the rational numbers, closed wurder sddition, subtraction,
multipdication, and division by a nonzers ratlonal exprassion; add,
aubtracl. mulliply. and divide rational expressicns,

Creating Equations* L b

Create equations that describe numbers or relationships

1. Create egquations and inequalities in one variable and use them to
sobee probiems, inciude squations ansing from Mnase and guadaiic
Fumchicrs, and simpie ratianal and exponeadial fumchoers.

2. Create pguations in two or more vanables to represent relationships
bmebtwaan quantities, graph aduations on cocrdinate axes with labals
and scalas,

3. Represent constraints by equations or inequalities. and by systems of
aguaticns and/or mequalities, and interpret salutions as viabie or non-
wiakle options in a modeling context. For cxamoie, reoresent Meoguaiiiss

aescniing Auiriiionad ana Cosl Consiraings an comivnabinns of oiffarant
bt

4. Hearrange formulas to highlight a quantity of interest, wsing tha same
FEASoNING as i 0lving aquaticns. For examphe. saarraddge Oher's law VW =
R fo hugrhivghd resistance &

‘Reasoning with Equations and Insqualities ~ A-REl

Understand solving equations as a process of reasoning and sxplain
the reasoning

1, Explain sach stap in sodving a simpde aguation as following from the
aguality of numbers asserted at the previous step, starting from the
assumption that the criginal eguation has a solution. Construct a
wiable argurment to justity a salubian mathad

2. Solve simple rational and radical equalions in one variable, and give
axamples showing how axtraneous solutions many arise.

Solve equations and Inequalities in one varlable

I Salve near aguaticons and inaguaditias In one variakble, including
aguaticns wth coeffickents represented by letters.

4. Splve guadrabic eguatians in one variabie.

3. Use the method of completing the sguare bto transfarm any
maadratic equation v x into an eguation of the foem (x - 0 = g
that has the zame solutions. Derive the quadratic formula from
this form.

b. Sohve quadratic aquaticns by inspection (a.9., for & = 49, taking
spuare rools, completing the square, the gquadratic formula and
factoring, as appropriate to tha inittal form of tha squation.
Recoonize winen te guadratic farmula aives comples solutions
gl wrile [haem ge @ + b for real numbers a and b,

Solve systems of equations

5. Prove that given a systam of two aguations in fwo variables. replacing

g eqigation by the suwm of that eguation and a multiple of the other
srocuces & systam with the same solutions

Al ke
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Sobva systems of ingar equations exactly and approximataly (2.q., with
grapha), facusing on pairs of linear eguations in two vanakbles,

Slwva a simpde systam consisting of a linear equation and a quadratic
equation in two varables algebraically and graphically, For examoie,
fad the podnts of infersechion batwean the fne v = -3x and the circle =¥ +
¥=3

{3 Bepreasenl & gystem of Bnesr aquations as a single matrix egusation
n a vactor variable.

£+ Find the inversa of & matrix of it axisis and uge it 19 galve EyslEms
al lnegr agusticns (using lechnolegy for matrices of dimansion T = 3
or graatar).

Represent and solve eguations and inequalities graphically

10, Understand that the graph of an equation in bwo variabldes (s tha set af

all its solutions platted in the coordinate plana, alften farming a curve
{which could be & lEne).

Explain why the r-coordinates of the points whara the graphs of
the eqguaticons ¥ = f{x) and ¢ = o) intersect are the solutions of the
aquation fx) = glx); find the solutions approximately, 8.0 using
technology 1o araph the functions, make tabdes of values, or find
srccessive approximations, Include cases whara &) andfor glx)
arg lingar, galynomial, rational, absolute valus, axponential, and
loagarithmic functions.*

. Graph the solutions 1o a linear ineguality In beo vasiables & a kall-

plane {exchuding the boundary in the case of a strict ineguality}, and
graph the solution set to & systam of linear inegualities in two variables
a5 tha intersacivan of the corresponding hall-planes




Mathematics | High School—Functions

Functions gescribe situations where ane guantity determinas another, For example,
the refurn on 10,000 invasted at an annualized peroentage rate of 4.25% is a
function of the kength of time the money is invested, Bacause we continually make
thaorsas about dependencses Belwaen quantities m nature and society, functions
are important tools in the constrection of mathematical models

In schood matharmatics, functions usually have numerical inputs and autputs and are
oftan defined by an algebraic exprassion. For axamole the tims in howrs it takes [or
a car to driva 100 milas is a function of the car's speed in miles per bour, v the rule
TOwE = 1007 v expreddes this relationship algebracally and defines a function whose
name is T.

Tha set of mputs to a function is calad its doman. 'We often infer the domain to be
all inputs for which the expression defining a function has a valee, o for which the
function makes sense i a Qiven oondaxt.

A fumction cen be described in various ways, such as by a graph {e.g. the trace of
a seismographl; by a verbal rula, &5 in, "Il gres weu B state, wou give me the capital
city.” by an algebraic expression Eee fx) = a + bug or by a recursive rule, The graph
af a function is often a usehul way of visyalizing the relaticndhip of the function
medleds, and manipulalves & mathemalical expression for a function can theoey Bahit
an the function’s propartias,

Functions presanted as exprassions can model many important phenomana, Two
Impartant farmilies of functions characterized by laws of growth are linear Tuaetion,
which grow ab a constant rata, and exponential funclions, which grow at a constant
parcent rate, Linags funcliond wilth a canstant term of xero describa proporticnal
relationships.

& graphing wtility or 3 computer algetra systern can be used to expariment with
proparies of thede functions and thes graphs and to build computational models
of functions, ncluding recirsivaly detined functions,

Connections to Expressions, Eguations, Modeling, and Coordinates,

Determining an outpul vales for 3 particular input imealves eyvslusting en expression;
fireding INp4ats that wiald & given culpat involves solving an equation, Geastions
ab=zut when two functions hawve the same valsa for the same input lead e
equrations, whose solutions can be visualized fram the intersection of their graphs.
Bacaise fundctions describe relationships betwaen quantities. they are freguantly
wsed in modeling. Somatimes functions are defnad by a recwsive proces, which
can he displayed affectively using a goreadshest or other techrolopy.




Functions Overview

Interpreting Functions

+ Understand the concept of a function and use
function notation

+ |ntgrprat functicns that arise in applications in
terms of the context

= Analyze functions using different
represantatians

Building Functions

= Bulld a function that models a relationship
between two quantities

+ Build new functions from existing functions

Linear, Quadratic, and Exponential Models

+ Construct and compare linear and exponential
models and solve problems

= |nterpret expressions for functions in terms of
the situation they model

Trigomnometric Functions

+ Extend the domain of trigonometric functions
using the wunit circle

= Model pericdic phenomeana with trigonomeatric
funmctions

= Prove and apply trigonometric identities

Mathematical Practices

1.

| T ke

Maka sense of problems and persevera in
salving them

Reazon abstractly and guantitathvebe

Construct viable arguments and critigue
tha reascning of olhers,

HMadel with mathematics.

Use appropriate tools strategically,
Atbend to precision:

Look for and make use of structurs.

Lok far and expross regularty in repeated
reason|ing.

i)
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Interpreting Functions

Understand the concept of a funcetion and use function notation

Understand that a function from one set (called tha domain) to
anathar s (called the range) assigns 1o each element of the damain
pxactly one glemant of tha ranga, IF Fis a function and x s an element
af ity demain, then [x) denates the output of Ff corresponding to the
input x. The granh of fis tha graph of the equation = A,

Usa tunction notation, evaluate functions far inputs W theer domains,
and] interpret staterments that use function notation in terms of a
context,

Recognize that seguences are funcliond, somatimes defined
recursively, whose domain is a subset of tha integars. For evamole, he
Fibonacoi sequancs i5 defined racirshvely by W00 = KT = 1 ffa+]) = find +
- fornel

Intarpret functions that arise in applications in terms of the context

4,

For a fumcticn thal rodels 8 relalicnship Batween bwo guantities,
interprat key features of graohs and tables in terms of the quantities,
and skatch graphs showing key features glven a varbad decoriplion

al the relationsip. Key fagivres frolude: mfercepts: intervals where the
fanchion i Mcreasing, CECrRasing, SosDEe, oF meagafive; raladive Mmaxirums
ang MInWAmE sivmoraliias ang Behigvior ang pevicdcibe®

Rafate the domaim of a function to its graph and, where applicabls, to
thia quantitative ralationshio it describes, For examode, iF the funchio
Tn) givas the number oF persan-hours Ot lakes io assembie n engines in 2
factory thon the positive dnhagars wowld b an aporooeate oomai far the
funciion *

Caleulate and interpret the average rate of changas of a funchan
{presentad symbolically or a5 3 table) over a spacified intenal,
Eatirnate [he rate of changs from & graph.”

Analyze functions using different representations

L

Lraph funcions expressed symipolcally and show kay fealures of
the graph, by hard in Simple cases and using technodogy for more
complicated cases”

3. Graph linear and quadeatic functions and show intercepts.
maxima, and minima.

b. Graph sguare rost, cube rook, and piecewisa-definad functions,
including sten functions and abscdute value functions

€. Graph polynomial functicns, identifyving zercs whan sultahbila
factorizabions afe gvallable, and showing end behavios,

d. (+} Graph raticnal functions, idantifying zeras and asymprotas
wihen guitable Tactorizations are avadable, and showing end
behavior.

2. Graph exponantal and legarithmae functions, showing mtercepts
and and behaviorn, and tngonometns functions, showing period,
rmidling, and ampdituda

& Write a function defined by an expression in different but sguivalent

tarms 1o revaal and axplain different properties of the function.

a. Use tha procass of factorng and complating the square in a
dguadralic fTunclicn o show Zeros, extreme values, and symmetry
of the graph, and interprat these in tarms of & contast,

k. Use the praparties of sxponents to inkerpret expressions for
euponential functions. For arampla, denhife parcant e of changa
i fenchions SWeh a8 ¢ = (LOZF, = (Q.07F, p = (LOTF", » = (L2P and
clazsify thern as representing exponeninal growth o oece
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Bulld a function that models a relationship between two quantities

1

2

Compare propertias of Dwd functions each represanted in a diffarant
way (algebraically, graphically, numerscally in tables, or by verbal
dESCRpTIoONS). For evamole, givan o graoh of one quaavalic imeiion and
an gigebvaic expression for ancther say which has the larger maximum,

Wirite a function that describes a relatianship Detween two quantitiag.*

4. Datarming an gxphcil 8xpression, 3 FECUREIWE DFOCASS, OF 51805 for
caleulation Tram a conteaxt,

b, Combsne standarnd functian bypes vsing arthrmetic aperations. For

sxample, buid a function that models the femperature of a cooling
LDooy by Soing g constant funohion (D @ decaping exparmanii] s
refate theps funcBbons (o the model

C. {4) Compose functions. For esamodbe, F T is the fermperature m
thig atmosohens as @ funchion of neghl, amd AfE) 5 the haighit of &

wadiiter Dathodn a3 a funchion of fme, then TYRE i Mhe femperaliire

at the Iocabon of the weather balfoan as @ function of tima.

Wnte anthrmietlc and geametine segquencas both recursiviely and
with an expdicit farrmula, use them &6 model situations, and translate
Eetwrpen the b Forms.®

Build pew functions fram existing functions

3.

4.

<4

Linear and Exponential Madels®

ldentify the efect on the graph of replacing fx) by Kxd + &, & 7,
fkx), and fx = k3 fior specitic values of & {Both positive and nagativel;
fired the value of ¥ given the graphs. Experiment with casas and
ilustrata an explanation of the effects on the graph using technology,
MRS FEC TG Sean aid ooy FLeEians Fravn Thair Gracds and
algebraic expressions for them.,

Find imvarsa functions,

B, Sohve an equation of the form f{x} = ¢ for a simplae fenction f
that has an invarse and write an expressicn for the Inversa, Aoy
Exvarryale x) =2 xF for o > O or fix) = (el -0 for x w L

b, (+) Varify by composition that ane function s the inversa of
mniother.,

L. [+) Read values af an inverse funclion Tram 8 graph or & table
givian that the function has an Imverse,

d. (+) Praduce an invertible function from a non-invertible fenction
bw restricking tha domain,

() Understand the inverss relationship between exponents and
loganthmis and use this ralatonshio to solve problams ivedwing
lagarithms and axpormsenls,

Construct and compare linear and sxponential models and salve
problems

1

Chghineguigh Batwesn situalions that can be modelad with linear
functions and with exponential funcions.

3. Prove that linear funclions grow by egusl differences ever equal
intervals, and that exponential functions grow by equal factors
ovar agusal Intervals

b. Recognize situations in which ona guantity changes at a constant
rate per unit intarval relative b anather

L. Recognize situaticns in which a guantity grows or decays by a
constant parcant rate per unil interval relative 1o anather
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£ Construct linear and exponential funchions, includeng geithmanic and
geometric sequences, given a graph, & description of a relationshin, or
bwid Input=outpul pairs finclude reading thase from a takdel,

3L Dbsarva using graphs and tables that a quantity increasing
exponaniially eventually exceads 5 quantity increasing linearly,
guadratically, or (mora generally} as a pedynomial functicn

&, For exponential models, exprads g5 a fogarithm the solulion (o
at = o where a, ¢, and o are numbers and tha base bis 2, 10, or &
evaluaba tha kagarithm wusing technology.

Interpret expressions for functions in terms of the situation they

model
B Interprel the pararmeters ina near or axponential function in berms of
a confaxt,

Trigonometric Functions . F-TF

Extend the domain of trigonometric functions using the unit circle

L Undgrstand radian measura of an angla as the langth of the arg an the
unil circle subtended by the angle.

2 Explain how the unit circle in the cocrdinate plane enablas tha
exbansion of tngonometis tuncticns (o all real nemoers, iIntarpraiad asg
radian meaderes of angles treversad counterclockwnse sround the unit
circle

[

{+) Use speacial tnangles to detarmine gecmelrically the values af sine
casine, tangent for 13, 244 and a6, and use the unit circle to express
tha valuas of sing, cosines, and tangent foF x, o+, and Zr=x in teims of
theair values for &, where ¥ is any real number,

4. [+] Use the undt cirche te axplain siymmatry (odd and awven) and
panodicaty af trigonometric fenctions

Model periodic phenomena with trigonometric functions

5 Choose trigonomeatric functions to model pericdic phenomeana with
spacifed amplitude, fraguency, and midlina,*

B, [(+1 Lnderstand rhat rastricting a trrgasamelric fTunction o a daomain
on which it s always increasing or always decreasing allows its inverse
to bae constrscted,

f, (+] Lsa imvarse functikans 1o solve rigonemetnic agualicns thal anse

in madaling contexts; ayaluste the sclutions using technology, and
intarorat tham in terms of the context,™

Prove and apply trigonometric identities

B. Prove the Pythagorean identity sin?(@) ¢ coti(8) = 1 and use it to
calculate trigonomatric ratias.

4, (+) Frowa the addition and subtraction formilas for sine cosing, and
tangenl and uze tham to solve problems.

25 H2IH
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Mathematics | High School—Modeling

Modeding links classroom mathematics and statistics to everyday life, work, and
decision-rmaking. Maodeling is the process of choosmg and using appropriaba
mathematics and statistics 1o analyze emplical situabhons, 1o understand them
better, and to improve decisions. Quantities and their relationships in physical,
sconomig, pubds policy, social, and everyday situations can b modeled using
mathermeatical and statistical methods. ‘When making mathematical modets
rﬂChmlDH:r' is valuablae fior VAY I assimphions, exadoring comsaquancas, snd
cormparing pradictions with data,

A model can be very simple, such as writing total cost as 3 product of unit orice
and number ought, or g 8 geometris shape to deseribe a physicel object like
a 2ain. Even such simple modeds immlee making choicas, It is up to us whether

to moded a ooén as a thraas=dimenshonal cylndar, oF whather a Dwo-dirmendicnal
disk works well enowah for our purposes. Other situations—modeling a delvery
roarte, a producton schedule, or a comparnson of loan amortl zations=nesd more
alaborate models that wee other tools from the mathematical sciences. Real-world
wtuations are not organezed and |abelad for analysis; formaudating tractable modeks,
raprasanting such modeld, and analyring them i appropriately 2 creafive process.
Like every such process, this depends on acquirad axpertise as well as craativity,

Some exampes of such situations might inclede

. Estirmating how much water and food is nesdad for emargancy
relief in & devastated city of 3 milkon peoole. and T it rnight e
distriiutesd,

] Flanrang a table termes tournarment lor 7 players at 8 club wath 4
Lables. wihere each player plays against aach other playar,

] Designing the layout of the stalls in a school fair so as bo raise as
much monay &% possibla,

® Anatyzing stopping distance for a car,

. Modeling savings account balance, bacterial colony growth, or
immstmant geowth

*  Engaging in critical path analysis, eg., aoplied o turnaround of ar
mroralt at an @roork

+ -ﬁ-ﬂ-ﬂf.'?l-"-g rsk In situations such a5 axtreme sports, pandamics,
ard tefrarism

* Ralating population statistics to individua predictions

im situations like these, the models devised depend on a number of factors: How
Pracise an answar do we want o need? 'What aspects af the situation do we most
need b wideratand, control, or optimize? What rescurces of tima and tonls do wa
have? The range of maodals that we can create and analyze is also constrained by
e Bmitations of ous mathamatical, statisticel, and techrical skills, and ouwr ability
1o recognize significant variahles and relatanships among tham. Diggrams of
varpies kinds, spreadsheats and other technolagy, and algabra are powsarful tools
lar understanding and =solvng probdems drawn from diffarent types of reskworld
situations.

Qne af tha inslghts proveded by mathematical modeling = that essentisly the same
matfmaticel or statistical structure can sometimas modal sesmingly different
situations. Madals can also shad light on
tha mathamatical struciuras hamsalwas,
for exarmgle, pd when 8 moded of bacternal
growth makes more vivid tha axplosive
growith of the exponential function,

T = o B

The bazic madaling cycle 13 summarized in the diagram. it I."" ™ 'l i I
inwalves (1} identifying variables in tha situation and salecting Compuis Iiberpret T
thase that represant essantisd featiires, (23 Farmilating I

a Mol by craaling and selecting geometric, graphical,

10

tabuler, algebrasc, or statistical raprasentaticns that descrilba

relateonships betwaan the varables, (3 amalyzing and performing ocperations

o these relaticnships to draw conclusions, (4] interprating the results of the z
mathematics interms of the aginal siteation, (5) validating the cenclutions by wt
comparing Ham with the sitgation, and then either imoroving the madal or, i it '=

|
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Is accaptabde, (6} reporbing on the conclusions and the reasoning behing them,
Choices, assumptions, and approximations are present throughout this cycle.

In Sedcriptone madefing, a maded simply describes the phenomsena or summari»es
them m & compact form, Graphs of observations are a familiar descrgtive modal—
for example, graphs of gbobal termpersture and atreaspheric 0, over me

Analytic modaling saeks to explain data on tha basis of desper theoratical idaas,
albeal with paramaters that are smpirically based; for axampla, axponantial growth
of bacterial colonias (wntl cut-off mechanisms such as pollution or starvation
interyaned follows From 3 constant reproduction rate, Functions are aan impdarant
tool for analyzing sech problems.

Graphing utdities. spreadsheets, computer algebra systems, and dynamic geomatry
software are powerful tools that can be used ta modal puraly mathematical
phenomana (ege. the behavior of polyraomials) a5 well as physical ohenomena

Modeling Standards HModeling (s best smerprehad ot a5 a colfection of solahed
tavies bt radihar & relation [o ather standards, Making rmathemalical rmodiels 2

2 Standard for Mathematical Practice, and speciic mooeliing standards sopear
theaughout D gl school sfanaaeg’s noleadad by a star siemibied (*)

&
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Mathematics | High School—Geometry

An wmnderstanding of the atbributes ard relationships of geometric objects can be
apphad in diversa contexts -||'I|CE‘r'I:IrE'Ti|'IEI a schamatic draweng, estmating the amount
of wood needed to frame a sloping roof, rendering computer graphics, or designing a
sawied prattesn For the most afficssnt uge of mater ial,

Although there are many types of geometry, schood mathematics 5 devoted prmarily
o plang Euclidaan geomatry, stedied bath synthetically (without coondinales) and
analytically {with coordinates]. Euclidean geometry is characterized most importanthy
by tha Paralled "'D‘it'..”ﬂt!'. that throwgh a point mat on a grven ling thesa & exactly oneg
parallel line {Spherical gecemelry, m contrast, has no parallel Fnes.}

During high school, students bagin to formalize thair geametry expariances from
alemeantary and middle school, using more pracise definitions and developing caralul
proofs. Later in college some stedents develop Euclidean and other geometries carefulby
from a small sat of axioms

The concepls af congruence. similarity, and symmetry can b= understood from

the parspactiva of geometne trarstormation, Fundamental are the regid mations;
franslaticnd, rotations, refactions, and cormbinations of thase, all of which are hera
assumed to presares distance and anglas {and therafore shapas genersliy). Raflections
and ratations each explain a particules [vpe of $ymrmelry, and the syrmmekries of an
object offer insight into its attributes—as whan the reflactive symmetny of a0 isosceles
trigngha assuras thal its base anglas are congreant,

I the spprosch taken hers, b geometric figures are defined to be congreent of thers
% a saquanca of rigid mations that carries one onto the othar, This i5 the principks

of euperposilion, For [riandgles, congruencs means the sguality of ol comrespondang
pairs of sides and all corresponding pairs of angles, Durng the middle grades. throegh
axpanancas drawng trianglas fram given conditions, students notce ways o spacily
enough measueres in a triangle to ensure that all triangles drawn with thosa measures ara
corgruent. Once thesa frigngka congrience criteria (A5A, 5AS and 555) are establishad
uding rigid motsons, they can be used to prowe theorems about triangles, guedrilaterals,
and othar geometric figures.

Similarity tramsformations (rigid molions felowed By dillations) deleme srnilerily

in the same way that rigid motions defina congruence, theraby formalizing the
‘-'-"'l'llla-l"lt:.l' Ideas of “sama shape”™ and "scale factor” developed in tha middie grades
These franslforrmationd lead 1o the eriterion for trigngde semilarity that two pairs of
corresponding angles arg cangruant,

Thie dafinitions of s, cosine, and tangent for acute anglas are foundad on right
trigngles armd sirmilarity, and, with the Pythagorean Thaeorem, are fundermental momary
real-world and theoretical situations. The Pythagorean Theorsm is genaradized to non-
reght triangles by the Law of Cosined, Together, Che Laws of Seney and Cogined ambody
v trigngle comgruence criteria for the cases where three pieces of information suffice
1o completely sobve a triangle. Furthermora, these laws viekd two possiale solutions In
the ambeguous case, illustratng that Side-Side-Anghs = ot 8 congrueence criterian.

Analytic geometry connects algelbra and geometry, resulting in powerful methods

of analysis and problem solving, Just as the nembar b assockates numbars with

I ations in ane dirfnendion, 8 pair of perpsndicuelar axes associated pairs of numibers
with kecations in two dimensions. This corresponcancs bebwesn numerical coordinatas
ardd gacmalni polnts allows mathods Irgen algebra to Be apglied Lo sedametiy ard wide
wirdd, The solution set of an eguation becomes a geometnc curve, making viswealization
a toodl for chang andl Understandeng adoeieg, Geometric chapas Can De desoribad Dy
enuations making algebwaic manipulation inta a tool for gecmnetric understanding,
madeling, and proaf, Geaamedric transformations of the graphs of equations correspond
to algebraic charges in ther aguations.

Orynamic geometry emironmants orovide stedents with experimentad anvd modehng
baoks that allowy Tharm [0 wveadligale gaomelrc phenamana in moch the same way as
cornpuler algebra systems allow them to axpariment with algeforaic phanomana.

Connections to Eqguations. The correspondence bebweaen numerical coordinates
@ geomealric ponls allows melthods from algebra to be appied to geometry and vice
wersa. The solution set of an equation bacomes a geomatnic curve, making visualization
& tonl for doing and wndarstanding algabra, Gaomatris shapes can ba dederibed by
equaabons, meking algebraic manipulation into a toc! for geometric understanding,
moceling, and proaf.




Geometry Overview
Congruence
« Experiment with transformations in the plane

« Understand congruence in terms of rigid
motions

* Prove geometric theorems

= Make geometric constructions

Similarity, Right Triangles, and Trigonometry

Undarstand similarity in terms of similarity
transformations

* Prove theorems invalving similarity

Define trigonometric ratics and solve problems
involving right triangles

+ Apply trigonometry to general triangles

Circlas
* Understand and apply theorems about circles

* Find arc lengths and areasz of sectors of circles

Expressing Geometric Properties with Equations

* Translate betwean the geomatric description
and the equation for a conic section

* Uze coordinates to prove simple geometric
theorems algebralcally

Geometric Measurement and Dimension

+ Explain volume formulas and use them to solve
problems

+ Wisualize relationships batween Dewo-
dimeansional and three-dimensional objecks

Modaling with Geomatry

= Apply geomaetric caoncepts in modeling
Situalicns

Mathematical Practices

ik
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Apphy geomaetric concepts in modeling
situbtians

HMathematical Practices

Hake sense of problems and perseverea in
saving them.

Reazon abstractly and guantitativaly.

Construct viable arguments and criigue
the reasoning of others.

Maodel with mathamatics.

Use appropriata tools strategically.
Attend to pracision.

Look for and make use of struchure.

Lok far and express |“1:g|..||.e:ri|:'_n.I I tr:r:eated
reasoaning.
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Congruence

Exparimant with transformations in the planeg

1

Know pragcize definitions of angle, circle, perpendicular ling, parallel
ling, and lina segment, based on the undefined notions of point, lina,
drstance alang a line, and distance arcund 8 circular sre

Reprasent transformations in the plane using, eg., tANSRArENCIES
and geomelry software, deseribe transformations g9 functions that
take points in the plane as inputs and give other points as outouts.
Compare ranstormations that oresarve distance and anagle to thosa
that do not {e.q., translation versus horizontal stretch).

Grvan a rectangle. parallelogram, trapezoid, or regular polygon,
describe the rotations and reflactions that carry it onto itsalr

Cevelop definittions of rotations, reflections, and translaticons in terms
of angles. circlas, perpendicular lines, paralied lings, and ling sagmants.

Govan g gepmetric ligure and a rotation, reflection, or transiation,
draw the transformed figure using, e.q., graph paper, tracing paper, ar
gaameltry soffware, Specity @ saguenca af transformations that will
carry a gieen figure onto anaother.

Understand congruence in terms of rigid motions

g

LIse geametric descriptions ol rigid moticns b ranslorm Tigures and
to predict the effect of a given ngid motion on a given figure; given
e iguras, use The dehinition of conaruancea i tarms of gl metions
to decide if they are congruent.

Use the dafindtion of congrusnce in terms of rigad maotions to show
that twa Triangles are congruent i and only if corresponding pairs of
sides and corresponding pairs of angles are congrusnt.

Ewplain how the crteria for tnangle congruanca (A5, 545, and 555)
follow Trom the definition of conareence mn erms of rigid motions.

Prove geometric theorems

=

[[#R

1.

Frowe thaorems about lines and angles, Theorems icludis: vertical
angies e congruenl, when & fravidvarial crosses paralal ineg, alfernans
idarior angles are congruent amd corrasponoing angles are congroent;
poAHEs 0N @ perpendicuize Bisector af & ne segmant are exachly thasa
aguiavstant frorm the segmeant T sty

Frove theorems about tnangles. Theorems snciude: measures of smbenor
angigs of @ frlangle Sm fo 1807, D258 angies af Fosceas fangies are
SorpriAsnl) [ sadgmusl indnigg avdpoimis of Nve sidas of & friangle i@
paralis) to the third side and balf the length; the medians of & triangls
mgat at @ oound

Prove thearams aboul parallalagrarms, Thaeorems saciage apoadite
sidles are congreent, apposie angles are congruent, the diagonals
ofa paraliplsgram dWsach each orhey e convarsely restandgles arng
parali=lsararns with congreent dragonals.

Make geometric constructions

12

Make formal geometrnc constructions with a variatby of tools and
mathods (compass and straightadas, string, refective davices,

paper folding, dynarmic gearmetric soflwere, ebe. ) Copynig & ssoiment
coping an angle; bisecting a sagmanit, hisecting an anglie; construching
parpanmicidar wras, claling the perpendicuiar rachior of 8 e saqmant;
g Cotsirielingg & ime paratel bo & given fineg through a powst not on Hha
frnic

. Construct an aguilateral trangle, a squara, and a regulas haxagon

Ingaribad in a circla,
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Similarity, Right Triangles, and Trigonometry ~ G-SRT

Understand similarity in terms of similarity transformations

1. Warify axpanrmantally the properties of dilations givan by a center and
n scale factor:

a. & dilation takes a line not passing through the center of the
dilation to a parallel ling, and leaves a line passing throwgh the
center unchangad.

b, The dilation of a ine segment @ langar of shartar in the ratio
given by the scale factor.

2 Glven two figures, use the definition of similarty i terms of similarity
transformations bo decsde if they are sirmilar; edplain using similarity
transformations the meaning of similarity for triangles as the equality
of all correspanding pairs of angles and the praportionality of ail
corrasponding pairs of sidas.

L

Usa tha prooerties of similarity transformations to astablish the Al
critarion Tor Dao trigrngles 0o Be similar

Prove theorems involving similarity
4, Proya thaorems aboul trnangles, Theomems mondha 3 Wie paralie) fo o
Side of a frangie divides the other b proportionally, and conversehs the
Pyfhagovaan Thaoram oroved using boangle similseify

5. Use comgrsense and Simdlarily criteria for triangles o 2alve problams
and to prova relationships in geomatric figuras.

Define trigonometric ratios and solve problems involving right
triangles
B, Understand that by similarity, side ratios in pght triangles are

propertias of the angles in the triangle, leading to definitions of
trgonomatric ratios tor acuta anglas,

T, Explain and use tha relationship between the sina and cocing of
complementary anghes,

B, Usa trigonometric ratics and the Pythagorean Theorem to solbve right
trianglas in appdied problams.

Apply trigonometry to general triangles

9, (+) Derrye the farmula A = 172 ab 2ani(C) for the area of a tnangle by
drawing an auxiliary lina from a vartex parmendicular $o the coposita
dide

i (+) Prowve the Laws of Sines and Cosines and use them o salve
problgms

M. (+]) Understand and apaly the Law of Sines and the Law of Casings
ter find unknown measurements in right and non-right triangles (=q.,
survaying probdems, rasultant forces),

Circles GeC

Understand and apply theorems about circles

Frove that all circlas are simila

2 ldentify and desaibe relationsfips amang insanbead angled, rads,
and chards, nclude the reitionsho bedtween cendral yscnbed, andg'
circumscnbed angles; Nscribsd anglas an a dfamatar are right anglas;
the iy of @ chicte & Devpendiewiar o dhe fangeal wharg the rediug
infersacts fhe cirole

4. Construct tha inscribed and circumscribad circles of a tnangla, and
prove oropearties of angles for 8 guadrilateral inscribead in 8 circle,

4, {+1 Constructl a tangent line from a pant outside a given circle to the
crrcle
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Find arc lengths and areas of sectors of clrcles

5. Darive using simélarity tha fact that the langth of the arc intercepied
by an anghe is proportional to the radius, and define the radian

measure of the angle as the constant af proporticnality; deriva tha
formula for the area of & sector,

Translate between the geometric description and the equation for a
conlc section

L Derive the equation of a circle of given center and radius using the
Pythagorean Thagrem; complete the souare to find the center and
radius of a circle given by an egquation.

2. Derive the aguation of a parabola given a focus and directris.
X (+) Darva the equations of allipsas and hyparbolas givan focl and
directrices,
Use coordinates to prove simple geometric theorems algebraically

4, Use coordinales 1o prove sample gedcmatric thearems algebracally. For
sxample, prove or disprove Hhat a figure defined By fowr ghen points in the
coovdingle Wang 5 & reffangle; DAoVE oF OVE0roya that Fve oaoisd (7, '\-"5_] Mg
on the circle centered al the arigir and' contesing the point {0, 23

1]

Prove the slope criteria for parallel and perpendicular ings and usa
them [o solve geamelric probiems (e, lind the equation of & hne

paralied or perpendicular to a given ling that passes through a given
N,

6. Find the paint on 8 directad line sagment betweaen two given points
that partitions the segment in a given ratio.

f Use coordinatas to comouta panméaterss of polygons and areas of
trisngles and rectanales, e.g., using the distance formula*

Geometric Measuremeant and Dimension G-GMD

Explain volume formulas and use them to solve problems

1. Géva an informal argument Tor tha farmulas for the drcumfersnca af
a circle, area of & circle, volume of a8 cylinder, pyreamed, and cone. Use
aissection arpments, Cavelen's principds, and informad Kol arguments

b

[+} Geva an infosrmad angument eeing Cavalerl's principla tar tha
fge rrualEs far the valume of & sphere and other solid figures,

3. Use volurme formulas for cvlenders, pyramids, cones, and spheres 3o
sodve problams.®

Wisualize relationzships between two-dimensional and three-
dimensional objects

4, lglantity the shapas of two-dimansional crogs-sactions of thraa-
dimensional objects, and identify three-dimensional obyects generated
by rotations of tec=dimansional alyects

Modeling with Geomatry G=MG

Apply geometric concepts in modeling sltuations

1. Use gaometric shapes, their measgres, and their properties to describe
chjects {aq., modeling a tree trunk or a hbuman torso as a cylinder)”

2. Apply concepts of dansity based on area and woluma in modeling
situations (8.9, Persons e sguarne mile, BT per cubic foalh*

3. Appdy geametnic methods to salve design problems (g, designeng
& objact or structure to zatisfy physical constraints or minmiza cost;
working with typographic grid systems based on ratios)®
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Mathematics | High School—Statistics
and Probability*

Decisions or predictions gre often based on data—numibers in context. These
dacisinns oF predictions would be aagy i the data alwas sant a clear messagea, but
the mestage is often obscured by variability, Statistics provides tools for descrining
variabdity in data and for making informed decisions that take it into account

Data are gatherad, digplaved, summaarized, exarmined, and interpreted to discover
patterns and deviations from patterns, Quantitative data can bs describad in terms
of key charactensisos: measures of shape, center, and sprepad. The shaps of 5 delta
distributicn might be described as syrmmetric, slkewed, flat, or ball shapad, and it
might be summanged by & statistic measurmg canter (such a3 mean o redian)
and a statistic measuring dpresd (such as standard deviation aor interquartde range).
Diffarent distributions can be comparad rumerically using thase statistics or
compared visuaily uting plotd. Knowledge of centar and fpread are not enough to
describe a distribution, Which statistics bo compara, which plots to use, and what
the rasUllls of @ Cormparisan meahl mean, depend on e question Lo be mveesticated
and tha raak-life actions to ha takan,

Randomizalm has Two important uses in drawing statietical conclusions, First
collecting data from a random sample of a population makes it possibla o drawve
valid conclusions about tha whole pooulation, taking varakslity into account
Lacond, randamly asssgnirg individuals o different reatmants allows a fair
comparison of the effectiveness of those treatments. & statistically shgnifecant
oaitcome 15 ane that is unlikely o be due o chance alona, andd this can be evaluated
cnly under the condition of randomness. The conditions under which data are
collectad are impaortant in drawing conclusions froem tha data; in critically reviswing
uses of statistics in public media and aother reports, it s imoortant bo consider tha
stucthy design, how the data were gatherad, and the analyses employad as wall as
thee clata sumvmaries and Lhe conclusions draswn.

Handom processes can be dascribed mathamatically by using a prabability modal;
a ket or desoriptson af the possible outcornes {the sampla dpace), each of whach i3
agsigned & probabilty. In steations such as flippemg 2 coin, rolling & numbar cube,
o draweng a card, it meght ba reasonabla to assume various outoomes ane egually
likely, In a peobakylity moded. sample poels repredant culcomas and combine to
make up events; probabifties of events can be computad by apolyng the Addition
and Multiplication Rules Interpreting these probabdities relies on an enderstanding
al independenca and conditional probakality, which can be approached through the
anahysis of two-way tables,

lechnodogy plavs an impartant fola @ statistics and peohability by making it
possinle [0 genarale plols, regresisan functions, and correlation coefficients, ard to
semulate many possible outcomas inoa short amaunt of time,

Connactions to Functlons and Modeling. Functions may be used 1o describe
data; if the data suggest a lirear relationship, the relatiorshis can e modaled
with a regrassion line, and its strength and direclion can b axpeeised through &
corralatian coafficiant.
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Statistics and Probability Overview

Intarpreting Categorical and Quantitative Data

+ Summarize, represent, and interpret data on a
single count or measurement variable

= Summarize, represent, and interpret data on
two categorical and quantitative variables

= Interprat linear models

Making Inferences and Justifying Conclusions

= Lnderstand and evaluate random processes
under|ying statistical experiments

= Make inferences and justify conclusions from
sample surveys, experiments and observational
studies

Conditional Probability and the Rules of Prab-
ability

+ Linderstand independence and conditional
probakility and use them to interprat data

= LUse the rules of probahbility to compute
prababilities of compound events in a uniform
probability model

uUsing Probability to Make Decisions

+ Calculate expected values and use them to
solve problems

= Use probability to evaluate outcomes of
decisions

Mathamatical Practices

1.

Make sense of prablems and perssvere in
solving them,

Reazon abstractly and guantitativedy,

Construck viable arguments and critique
the reasaning of others

Model with mathematics.

Use aporopriate fools strategically.
Attend to precision.

Look for ard make use of structure,

Loak for and express r-:_:-gu|arit:,' in repeated
regsarning.



Interpreting Categorical and Quantitative Data 5D

Summarize, represent, and interpret data on a single count or
measurament variable

] Reprasant data with plats on the real niember lina (dal plats,
histograms, and box ploks).

2. Usa statistics approgriate to the shape of the data distribution o
campare cantar (madian, meaan) and spresd {interguartile range,
standard deviation) of two or mare differant data sets

. Interprat differencas In shapa, cantar, and spread in the context of
the data sets, accounting for possible effects of extreme data points
{ourtliars).

4, Usa the meaan and standard deviatian of a data set to Gt 1o & normal
distribution and to estimabe population percentages. Recogniza that
there are data sels for which such a procedure i5 nol aporopreale
Use calculators, spreadsheets, and tables to estimate areas undaer the
roFmaEl curve

Summarize, represent, and interpret data on two categorical and
quantitative varlables
5 Summarize categorical data for two calegorias in two-way frequency
tables Interpret relative Fraguencias in tha context of the daka
(incheding joinL marginal. and conditicnal ralalive reguencies)y
Recoqgnize possible associations and trands in the data.

6. Reprasant data on bwo quantitative varables on a scatter plat, and
describe bow the varisbles are refated.

a. Fira function to the data: use functiang Mthad Lo data ta aalve
probilems i the context of the data Use grven fanchions or
chones 3 funcion sggestad by ha confexl Emphasiae Insar s
axpreniisd modals,

b, Informally assess the AT al a function by platting and analyzing
residuals.

€, Fit & limear tunctian for a seatter plot that suggests & linear

association.

interpret linear models

T Interpret the slape (rate of change) and the inlercept (caonstant termd
of a linear model in the context of the data.

B Compute {using technology) and interpret the corralation coaffciant
off a linegr fit

0. Distinguish betwean correlation and causation
Making Inferences and Jestifying Conclusions 5-1C
Understand and evaluate random processes underlying statistical
e¥periments

L Understand statistics a4 8 process for making mferences sbout
population parameters hased on a random sample from that
ponulation

L. Racide if g speified model s consistent with resgils frorm a given =

data-genarating pracess, &g, using simulatron. For exampie, @ moded s

sAps A spenring cain falls heads wo with orodabiity 0.5 Would 3 result of' 5

[3E IN @ row Cause pau fa quastian Dhe mooel? E
Make inferences and justify conclusions from sample surveys,

experiments, and cbhservational studies i

I Recognize the purposes of and differences among sample surveys, b

e perimerts, and observational studies; axplain how mndarmization T

relates to @ach -
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Lisa data from a sample survey [0 asiimate a population meaan ar
proportion; develop a margin of error trrough the use of simulatiaon
mmadets hor rand o Sampling,

Usa data from a rmandomizad axpariment to Compare Dwo treatments:
uge fimulations to decide if differences between parameters arg
significant,

Evaluate reporis based on data.

Iy k]

ke, argata st i oy e L -

Understand independence and conditional probability and use them
to interpret data

Describe events as subsats of 3 sampe space {the st of autearmas)
using characteristics (or categories) of the autcomes, or as unions,
intersections, or complemants of othar evants ("o “and,” "not™),

Linderskand that two avents A and B are indapendant if the probabality
ol A and B accurring together is the product of thair probakilities, and
use this charactenzation to detarming if thay are independant

Understand the conditional probabdity of A given 2 as 204 and
E)/R(E), and intarprat independenca of A and & as saying that the
canditicnal probability of A Given 8 i3 the same as the probability
of A, and the conditional probability of 2 givan A is the same as the
orobabéity of B

Congiruct and mterpral bwa-way freguency tables of data when twa
categories are associated with sach objact being classified. Use the
twio-way table 35 a sample space [o decide if events are independent
andd Lo approximate conditional probakilities, For evamols, colect

data from a randon samode of SEUTRREE M FoLy schaad o Fhelr fvorifs
Pl among malk, sorance, and Engitshe Exbimade Fhe probaboiity that 2
randomily selechad sheclent from your sohood Wil fvor schanca given [hat
the shidlant g n fanfh geage, Do e same for offer subyects and compare
[fus recyifts,

Recognize and explain the concapts of conditional probability and
ndapendance in eavaryday language and everyday siteations. For
agample, compare the chance of having kng cancer i yow 58 a smoker
with the chance of being & simakey i wol have W Cancer

Use the rules of probability te compute probabilities of compound
events in a uniform probability model

& Find the conditional prabability of 4 given B a4 the fraction of 55
aubcameas that aleo belong to A, and interpret the answer in tarms of
the model,

L Apoly the Addition Rule, PCA oF B = P{AY + PF(B) - P{A and B, and

ntarprat tha andesar in tarms of the madal.

8. (#) Apply the general Multiplication Rula in a uniform probaiility
madal, P& and B = PLAIREIAY = PEEIRCAIBY, and interpret the ansaer
i armd ol the moded,

B, (#) Ute permutalions and combanations to compute probabilibies of
compound events and solve problems

Using Probability to Make Decisions S-MD

Calculate expected values and use them to solve problems

1.

C+) Dehinig @ random varcable Tor & Guantity of interest by assigning
a numarical value to sach event in a sample spaca; graph the
corresponding probahility distribation usig the same graphical
desplays as for data dicinbutions.

[+) Calculate the axpacted vabee of & random vanable; intergret it as
the mean of tha probabslity distribution

HZS HOB
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{+) Davelop a probabdity distribution far 8 randam variable dalined
for a sample space in which theoratical probakilities can be calculated:
find the axpectad value For exampie, fnd the theorebical probabyilify
avstribubion far he sember of corract answars obfannad by guessing an
all frve guaastions of 2 muitiple-chouoe fesl where aach quesiian has fouwr
chodces, and Hnd the axpechad gracks Snder wavhous gracliing schamas,

(+3 Cevelop a probabdity distnbution for a randam variable defingd
for a sample 2pace in which probabilities are assgned emplirically; find
the expacted valee, For examode. find a currant date aistribution on the
Aunrer of TV sels par houseis'd m e United’ States, smd colgurlale [he
puwpected number of sefs per howsehold, How many TV seds would you
aEpact ta find 0 100 ranaamy saiechad houseiolds?

Use probability to evaluate outcomes of decisions

4.

(=11

{+3 Weigh the possible catcomes of a decision by assigning
probhatilbties 1o payall values and finding expected valieas,

3, Find the expactad payvol! for a game of chandca, For evampde, find
the expected winniigs Tom & stade olfery Bovel or & game af & fasf-
foog restaurant,

b. Ewvaluate and compare strategies on the basis of expected values.
For axaiinie, compare g high-daducfibie varsus a low-gdediscliia
suwtomobile insurance policy usmg vanows, bul reasonable, chances of
Mg & WY OF 8 Maor sockdant

(#3 Use probabilities to make fair decisions {e.q,, drawing by 1618, using

a random number gencrator),

{#) Analyza decisions and strategies using probahility concepts (e.g.,
araduet besting, madical testing, pulling & hockey goalia at the snd of
A Qarmed,

5 HE
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Mote on courses and transitions

Tha high schoaol porticn of the Standards for Mathematical Content specifies the
malarmatics all students should stedy For college and carear readiness, Thase
standards do not mandate the sequence of high school cowrses. However, tha
cerganization of high school cowsed is a critical componant 1o implemeantathon

of the standards. To that end, sampéds high school pathreays for mathematics - in
Doth a rraditional cowse seqguanca Calgeabra |, Geometry, and Abastra 11D a5 weall

as an integrated course sequence (Mathematcs 1, Mathematcs 2, Mathermatics 30

= will e made avallabla shorthy after tha ralease of the fnal Common Cora State
Standards. It is sxpected that additional model pathways besad on these standards
will become avallable as wall

The atarndards thamselvas &o ol dictale curriculum, pedagogy, or delivery of
content. In particular, states may handla tha transition to high school in dfferent
wiays, For examiple, many students in tha LLS, today take Algabwa | in tha 3th
gracke, and in some states this is a requirement. The K-7 standards contain the
prevaquisitas I prepase students for Algabwa | by Bth grade, and the standarnds ara
designed to permit states to continue existing poboies concerrang Algebra | in 8th
orache,

A dacond major trangition & the ransition from Righ schoeod (o posl-secondany
poducation for college and careers. The avidence concerning college and career
aadiness shoaws Clearky That the Enowiadae, skills, and practices imoortant far
readiness include a great daal of mathamatics pricr to the boundery defined by
{+) symibals in thesa standards. Indaed, soma of the highest priority contant for
tollage and cardss regdinass comes fraom Grades 6-8. Thid Body ol matarial inchsdes
powarfully useful profickncies such as apnbyving ratio reasoning in real-world and
mathematical problerms, computing MNeently with positive and negative fractions
and decimals, and sofving real-world and mathamatical problems imvalyving

angha measure, areg. surface area, and volumea, Because nportant standards for
college ard career readiness are distributed across grades and courses, systems
for evalisating college and caresr readinass should raach as far back in the
standards as Grades G-8. | @ imporiant (o note as well that cul scoras ar ot
information generated by assessmant systems for collage and career readinass
shubd e Jevalopad in colaboration with reprasantalives from hegher education
and workforee developrment programs, and should be walicdated by subseguent
performance of students n collage and tha workforce.
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Glossary

Addition and subtraction within 5, 10, 20, 100, or 1000, Addition or subtraction
of wo whale numbers with whole number arsesers, and with sem or minuend

mn the ranga -5, 3-10, 0-20) or 910, respectivaly. Example: B + 2 = 10 i an
addstion within 10,14 - 5 » 91z a subtraction within 20, and S5 -18=3F 5 a
subtraction within 100

Addltive Immarses. Two nembers whose sum = D gre additive inverses of one
anather. Example: 344 and - 3.-"-1- are additiva mearsas of onae another bacause
Is-3m=(-3y+ 3a=0

Aszociative property of addition. See Talxle 3 in this Glossary
Asaociative property of multiplication. Ses Taole 3 in this Glossary

Bivariate data, Pairs of linked numerical observations. Exampa: a kst of heights
and weights for aach playar on a foatball teaen,

Box plot. & method of visually displaying a distribution of data values by using
tha miedian, Quartifes, and axtramas of the data sat. 4 box shows the middle
S0 of the data!

Commutative property. See Table 3 in this Glossary.
Complex fraction. A lraction ASR where A and/or O are fractions (8 nonzarc)

Computation algorithm. & 1t of predefined steps apolicable to a class of
problems that gives the comect result in avary case whan the sTaps are carvied
out cormactly, See a0l computalicn siralegy,

Computatlon strategy. Purpeeaiul manipulations that may be chasen for
specilic probilems, may not have a fived crder, ard may be aimad at cormerting
ane proklem into anather, S8 alea computation algorithn.

Congruent Two plane or solid figuras are congrient If ona can be obtained fram
thia other By rigld molesn {a sequence of ratations, reflections, and translations)

Counting on. & strategy tor finding the numiper of abgects in a group without
heving Lo codnt ewery member of the group. For examgle, if & stack of books
is known to have B books and 3 more bocks are added to the tep. it i not
necessary Lo count tha stack all over again. One can find the total by counfing
on—painting to the top book and saving "elght,” following this with “nema, tan,
elevan, Thare ara aleven hooks now”

Dot plot. Sew: lina olot.

Dilatlon. & transformation that moves each point alang tha ray thiough tha
point emanating from a fixad centar, and multiolies distances Tram Uhe censter by
a common soale factorn

Expandad form. A rudtl-digit numiser is expressed in expanded form when it is
written as & sum of single-digit multioles of powsars of ten. For axampole, 643 =
GO0+ 40 + 3

Expected walue. For a random varlable, the waighted average of its poscile
walups, with walghts given by their regpaclive probabilties,

First guartile. For a data set with median M, tha firet guartile is tha rmsdisn of
thie data values lgss than M, Exampla: For the date st {1, 2 6, 7,10, 12 14,15, 22
120%, the first guartile is &2 Spa afso; madean, third quartile, interguartile range.

Fraction. A number axpressible in the foem 958 where @ 15 & whole rmnber and
0o s 3 positieg whoky number, (Tha word fachion in these standards always refars
to a non-negatie numisar) 588 050 rational nurmbes,

ldentity property of 0. See Table 5 in this Glossary,

Indapandantly combBined probability models. Two prababibty modals are
said Lo be combined independently if the probability of sach orderad pair in
the combined maded equals the product of tha arginel orobabilities of the two
inglividisal oulcormes m the ordered pair.

Adaphad troem Wisconsin Departrment of Pubbc Irstroction, bitpdposgow’
standardssmalt=alos. himl, accessed March 2, 200,

‘Many different methods for computing quartiles aea n usa, The metioed dafined
hare 5 sometimas Callad the Moore and MeCabe method. See Langford, E.,
‘Qartilag in Elamentary Statistics,” Jowrnal of Stabishcs Sdcabon Violumse T4
Mumbear 3 {2006)
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Integer. A numbser expressiole in the form & oF -3 for some whola numoer &

Interquartile Ramnge. A massure of varialssn in a set of nurmercal data, the
interquartile range is the distance batweesn tha ferst and third guartiles of
the data set. Exarmple: For the dats set {1, 3, 6, 7. 10,12, 14, 15, 22, 1203, thea
inparguartile range 1515 = 6 = % See arsar irst quastile, third Quarde

Ling phat, A meathod of vedally displayineg a distribution of data valuas whera
azch data walue is shown as a dat or mark above a numser line. Also known as a
et phot .k

Mean. 4 measure of cantar ina sat of numarical data, computad by adding tha
walgas in 4 k2t and then dividing by the sumbers aF values o the list." Example:
For the data set {1, 5, &6, 7, 10, 12, 14, 15, 22, 120}, thae mean is 21.

Mean absolute deviation. A maasurs of variation in a set of umerical data,
compubad by adding the distancas babwean aach data value and the mean, then
dividing by the number of data values. Example: For the daka sat {2, 3, 6, 7 0,
12,14, 15, 32, 1203, tha mean absolute dewviation is 20,

Maedlan. & rmeasure of canter in a sat of memerical data, The madian of a kst of
waluas ig the vahee appearing at the center of a sorbad verion of th lHl—or the
miean of the two central values, if the list contains an even number of values.
Exarnpla; For the data set {2, 3.6, 7,10, 12, 14,15, 22, 90}, the madian {5 11,

Midlbng. In tha graph of a trigonometric function, the horizontal line hadfway
Eabwoean it maximum and minirmum vadues,

H'.Immm-ﬂ“ﬂl‘l and division within 100, Multiglication or division of Two whole
numbers with whole number answers, and with product or dividend in the range
Q=100, Exampla; 72+ 3 =0,

HMultipdlcative imvarsas. Two nembers whose product 5 1 ama multipbcative
irvearaas of ore another, Exampde; 354 and 43 are muoltiplicetive inverses of one
another bacause 558 = £/5 = 4% = 544 =1

Humber line diagram. & dizgram of the numiber line used o represent numbars
and supoart reasond gooul tham. In a numzer ling diagram for measurameant
cuantities, the intarval from O o 1 on the diagram represants e unit of megsgre
for the quantity,

Percent rate of change. A rate of change exprassed as a percent. Example: if a
populaton grows from 50010 55 0 8 year, it gronws by 550 = 109 par yaar,

Probability distributlon. The sst of possible valises of a random varabla with a
probahility assgned o aach,

Properties of operations. See Table £ in this Glossary.
Properties of equality. See Table 4 in this Glossar:

Properties of inequality. See Teble 5 in this Glos=ary.
Proparties of operations, See Table 3 in this Gloggary

Frobability. & nurmber batwean O angd 1used to guantify bkelikeod for procasses
that Rave uncarlain cutcameas (duch ad [osting a oo, selecling a parson at
randarm from & group of people, tassing a kall at a target, or testing for a
miedical condibion

Frobability medel, & probanility medel is used 1o assign probabillities te
outcomes of a chance process by axamining the nature of the process. The sat
of al outcomes is calbad the sample space, and ther probhabdities siam te 1, See
aiza; uniform probakidity model

Randam variable. An assgrment of a numaerncal value to esch ocutcome in a
sample space

Raticnal expression. A& guotient of two polynomeals with a non-zero
denominator,

Rational number. & number expressible in the form 278 or - 97 far some
fraction #¢h. The rational numbers inchde tha intagars

Rectilinear flgure. & polygon ol angées of whech are right anglas,
Rigld matlan. A transformation of points in space cansisting of & sequence of

tadapted from Wisconsin Dapartment of Pulslic Instruction on, it
“To ba more preciga, this definas the anthrmadic onean
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one oF more translateens, reflections, andor rotations. B aid moticns are hers
amsumed to preserss distances and angle misasures

Repeating declmal, The decimal form of a rational numbar. See also: ferminatng
dacimal

Sample space. In a probabibty madet for a random orocess, & list of the
indiwidual outcomes that ara Lo ba congiderad,

Scatter plak. A graph i the coordinate plane regresenting a set of bivarate
data For eaxamgle, the heights and weights of a group of people could be
displayad on a scatter pdot®

Similarity transformatlon. A& rigid motson followsd by a dilation

Tape diagram. A drawing that locks Bie a segment of tape, used to dhestrats
numbsar relaticnships, Also keown as a strip diagraen, bar modal, fraction strip, o
lermth rmodel,

Terminating decimal. A decirnal 18 called terrminalme if 112 regeating digit s O

Third guartile. For a data set with rmedian M, the third Geartida & the madian of
the data values grester than M. Example: For the data set {2, 2, 6, 710, 12, 14,
15, 24, 120}, the third quartile |5 15, 58 a5, madian, first guartiba, inferquartile

e,

Transitivity principle for indirect messurament, 1T the length of cheact A s
graater than the length of obsect B, and the length of object B is graater than
the length of abject . then the length of olject A is greater than the length of
ob=ct C. This principle apolies to measurement of other guantities as well

Uniform probabdlity model. A probability model which assigns egual
probabalty to all cutcomas, See alsar probakdlity modal

Vector A guantity with magmitude and direction o the plane or in spaca,
dalined by an ordared pair or riple of raal numbars,

Viswal fraction medel. & tapa diagram., rember ina dagram, o area modeal

‘Whaole numbers. The numbers 01 2 2

Sadapted from Wisconsin Department of Pubbe Insirostion, oy ol
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TanLe 1. Carmmon addition and subtraction situations®

Add to

Take from

Put Together!
part?

Result Unknown

Twi innies sat on the grass,
Thres more bunnies hopped
there, Howr rmasty Bunnies are
on tha grass now?

Z+5=3

Change Unknown

| - i
WO EFunnien warsa sitting

an tha grass, Soma mona
Bunnies kopped there Then
there ware five bunnies. How
many bunnias hopoed ovar
to the first two?

i=?=5

Fivg apoiles were on the
table | ate wo apples, How
many apnles ara on the takbda
MowW?

5
§-2=z7

Total Unknown
Thres red apples and two
green apgles are on tha
table, How mary appdes are
on tha tabla?
T &A=

Fiwa appdas were on the
table | ate some apples,
Then thara wera thrae
Bpgles. How many apples did
| et ?

Sa7=3

Addend Unknown

Five appdes are on the table.
Thrga are red and the rect
ara areen, How many apgles
ara graan?

3#P=5, 5=-3=7

Start Unknown

Some bunnies were stting
on the grass, Threa mons
burinies hopped there. Then
thigra were five bunnies, How
rarny Dunnamg wers on [he
arass before?

P+ E=5

Some apphas wens on the
table. | ate two apples. Then
thera wera three appias, How
mary apphes were on the
tabde hiefora?

7-2=3

Both Addends Unknown'

Grandma has five flowers.
Hiows many Can snea et in her
rad vase and how many n
nar blug vase?
S5zR+5,5=25+0
E=14+45=44+]

§=2+3,5=3+2

Differgnca Unknown
[MHowe many more?™ yersion)
Luey hat bwa spples. Julie
hias frve aoples. How manny
mee appdes does Julie have
thary Lucy?

(MHow gy Feser 7 yversaon
Lty has Lwae soples. Julis
has frve aoples. How many
Fewier aoples daas Lucy haye
than Jdulie?

2#7=%5 5-2=7

Bigger Unknown
[Warshon with “rrore™)
Julie hes thres more apples
than Lucy, Liscy has two
apgles. Honw many apples
does Julie have?

[arghos wath “Tawnsr']

Lucy has 3 fewer apples than
Iulie, Lisgy hi:
Howvs mary ap
hava?

s cdoes lulis

o Tl P R

Smaller Unknown
{arsian with “ridre™}
Julie has threa more spples
than Lucy Julie has frva

apples, How meany applas
does Loy hawva?

{Wargion with “fewaar”)

Lucy has 3 fawer apoles than
liilie, Jeiles s fy
Henw mmany appbes doed Lucy
e

o .

5-3=7 7+3=5

Thesa take apart situatians Cam be uisd (5 dhow all the decamesailions of a given numbes, The associated adquatices, which

nave the total on the ke

bt always does
Eithar geddend ¢

dichieE gxlernsadn al s be

tha &

ere are three vanatiors of thesa probéem situatians
= situstion. sspecially far small nuericers bess than or equal to 82

slgn, Relg childran wderstand that the = sign doss nal absvays mean makes or resulis in
mean is the same number as

be unkrown, S Both Addands Unkmown is 2 peo-

Foer the Bigger Urknown or Senallar Linkonosen sifuations, ans version directs the oevach aparabiom (fhe verginm usimg mmire

foar Ehes ||||_1|_:l_lr oo gred usmg legg r'-:.-' the smaler unblmown

“Adapted from Box 2-4 of Matlonal Resaarch Councl (2009, op. ., pe. 22, 33)

The caner WErsons are mare aficus
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Tapg 2, Common myltipkcation ang dwision siteations,”

=18, and 18 +

Thera are 3 bags with B phems
in each bag. How many phens
ara thara in all?

Mpasurernanl axanoie, You
need 2 lergths of string, each
B mches long, How msch stremg
will vou need aftogether?

Thesa ara 3 rows of apples
with & apoles in ecach row. How
many aples ara thana?

Arps examole What is the area
ofa 5 cm by 6 o reckangler

It 1B pluims @ra shared equaiy
inta T bags, then how many
phmis will be in each bag?

Meagsuranani axamoie, You
harve 1B inchas of string, which
wou will cut into 3 egeal pleces
How long will each piece of
shrimg b

i B apples are arranged infld 3
equal rows, how many apples
will e in eagch row?

Area example. & rectangle has
area 18 sguare cantimetars, If
ane side i 3 orn beag, how lang
5 a sade next bo it?

IF 13 pemnis are to s packed &
Lo & bag, then how many bags
arg negcad?

Flagaginarnen i ananysie, Yol
nave 18 mches of string, which
vl will cut o plecas that are
& inchas long. How many peacas
of string will you have

If 18 applas are arranged oo
equal mows of & spoples, hiow
many Fows will there ba?

Area acampie, A rectangle Ras
area T8 squara centemeters. IF
e sade i 6 om lomg, how lang
5 @ side next 0 0it¥

& blue hat costs Fh & rad hat
costs I Lirmes ag much as tha
blug hat, How much doas tha
red hat oos?

Measurement examoie. &
rubzer band is & or long. How
loang vl the rubber band be
whaen it I5 stratched to e 3
tirmes g3 horeg?

Compara

A red hat costs $18 and that is
I times as much et s blue had

costs, How much doas a bhus

hat cost?

Moasurarmant axammia. A
mulDer Dand i5 strafchad (o be
18 =m long and that = 2 tirmes
as long as it was at first, How
ey weay he rubber Band at
firsy?

& rad hat costs 518 and a biug
nat costs 36 How many (rnes
as much does the red hat cost
a9 1 Dl hat?

Moasurarnand examphe. &
rpbber bxand wat 6 cm long at
forst. Mowe it is stratchad o ba
18 cmi long. How many times as
loreg is the rubber band now as
it was ak first?

General dapn=7

a=r=pandp+a=3?

reb=pandp+b=2

The languass in the array sxamples shows the =asest farm of array problems

A harder farm is Lo s the lerms rioses and

ol The apples in the grocery window are in 2 rows and 6 colemns, How many epples ara in there? Bath [arms are

valisabla

“Aroa invalves arrays of squares that have baen pushed tagathar so that tharg ane ro gaps or overlaps, so array prablems

mclude these sspec

ally impartant measurement situations

The first exampdes in gach call are examples of discrete things, These are easiar for students and shouldd be given IS

Digtors TNa mgasurgrmen] examples



TapLz 3. The proparises of operstions. Hera a, b and ¢ tand lor acbilrary numbers in a8 given number system. Thea
propertias of aperatkons apoly to the rational numiser system, tha real numiser system, and the comples numksar
synbEET.

Asiociative oroperty of adaibion

Commulative properdy of aodifion

Aoaitive ieniity sroder iy of

Existanca of aohdifiva inverses

Asocoabive progerty of muitiodicabon
Corynuiaiiee progarty of moiesicalion
Muitiohcative idanhily progerty of |

Exiztence of muttinicatve nvarses

Orstribuive propert)y of muthplcation aver aoaiton

(@+hi+coasibh+cd
a+th=hitn

gr=Q+ras g

For gvery @ there @oists = 50 that a + {=3) = [=al +a = 0.

farhlixc=zaxibxch
awvbhebys

gul=lxa=a

Foravary o= 0 thera aglsts Vasothat 2 « Va=Taxa =1,

axlb+gl=geb+raxg

TapLe 4, Tha properties of aqualily, Here 2, b and ¢ stasd lor arbitrary sumierd i the rational, regl, or complas number

systems.

Feflaxhig proparty of egualiiy
EymvmigtnT propenty of aguaiiy
Tranzsithve property of eguoiiy
Agovtion proparty OFf agusiny
Subtrachion proparty of eguadny
Mudtiplication groperty of equalin
Diwvision property of egualiy
Sutistihiabion propeny of agually

a=a
Ifa=h thenb =4,

IFa =band & =c, thena = ¢
IFa=f thens s o=l o0
ta=zb thena=c=b=q
Ha=hthanazc=h=zc

farbandce O thenasc= b4 c
IFa = &, than & mey Be subetitubed for a
in any sxpresson containing a.

Taoir & The propertes of ineguality. Hare a, & and © stand for arbitrary numbers in the ratesonal or real romber

systEms

Exacthy o ol (he followsig is il a < b,oa® b g > &
Ifa=badb>cthana >
Ifa=>b then b < a.
IF & =& then -a < -f.
faxbthenatorbta
Fa*bandc>thenaxc>bag

IFarxhandc< O thenasc<brc

HTa=bhawlcr thena+crbe o

Fa>bendc<O thenasctbasc

e i
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